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PREFACE TO THE FIFTH EDITION 

This book has now been in wide circulation for the last several years 
and has been serving the students of various universities in India includ- 
ing the University of Jammu and Kashmir. A suggestion was made to 
us recently by a number of chemistry teachers in various colleges in the 
state of Jammu and Kashmir to revise the book so as to cover exclusive- 
ly the latest syllabus of their University. This has been done in the 

present edition. 

The treatment has been brought up-to-date to suit the present re- 
ouirements. The chapters on periodic classification of elements, atomic 
structure, valency, catalysis, oxidation-reduction and metallurgies ave 
been dealt with in very lucid style and simple language keeping in view 
the difficulties commonly experienced by students at this age group 
in our country. In organic chemistry portion, the latest mechanisms 
of reactions have been added to serve as a background information for 
the teacher and a thought-provoking material to more curious and 
critical minded student who is looking forward to join higher classes. 
The chapter ‘Typical reactions of various functional groups given at the 
end highlights the characteristic properties of organic compounds 
binging to different and is likely to be useful to students 

for quick revision. 

The authors earnestly hope that the present revised and '^Proved 
edition will be warmly received and will prove beneficial to the students 
of the university of Jammu and Kashmir too. 


March, 1968 



Authors 



PREFACE TO THE FIRST EDITION 


The recent change-over to the 3-year degree course in a number of 
Indian universities has necessitated revision and overhauling of the 
syllabi everywhere. The authors, therefore, need no apology to present 
the new chemistry syllabus in the form of a combined course in 3 
volumes, one for each year. The 3 volumes, combined together, f ulfi l 
completely the requirements of the degree course of the Indian 
universities in all the three major branches of chemistry. 

The present book. Volume I, of the series, is meant for the first year 
de^ee course as well as for the pre-engineering and pre-medical exami- 
nations. A concerted effort has been made to simplify the subject, as 
far as possible, keeping in view the standards attained by an average 

student who has just passed the pre-university or higher secondary 
examination. 


The aim of the new orientation of the B.Sc. course, in particular, 
IS to raise the standards of university education in science subjects In 

order to realise this objective, the foremost thing that is needed is to 

Cdern ''' "^^sonable price. Further, as the 

modern trend is to encourage critical thinking and to bring out as well 

tcubtr h*" 'm ^ 

luddW in n up-to-date information presented 

ucidly in a simple and dear language with a proper and orderly 

^uencc. Every effort has been made to keep these^equffeme^t 
as- L^nUrbe''unrT‘H k""" 

an wLffon -'kes 

r Jver'""' of ,hc book will be thankfully 


July 5, 1962. 
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CHAPTER I 


INTRODUCTION 


Divison of Chemistry. During the last one century the knowledge of 

E“™ Kr£sr;e’ ^ ' 

The three major branches of chemistry are Organic, Inorganic and 
nhvsical Organic chemistry is confined to the chemistry of carbon 
impounds. Inorganic chemistry relates to the study “f “ns 

metallic elements and their compounds. * .l,, 

itself with the study of physical properties and consuiution of 

laws of chemical reactions and the theories governing these reactions. 

industrial cnemisiry rn'inufariure of d fferent e cments and 

chemistry to the Xmtorrwhich is devoted to the study 

compounds , and g compounds recovered from plants. Some 

mhe^LanSs such as high polymfr chemistry, pharmaceutical chemistry. 
tfre^icaUret^m- am ^ast developing. Perhaps no other science 

to-day is so broad in its scope as chemistry. 

Orsanic Inorganic and Physical chemistry arc regarded as the funda- 
mental and basfe fields of A few topics in physical and 

inorganic chemistry will be discussed m the present part of the book. 

Elements and Compounds. All the chemical substances may be divided 
into two categories : elements and compounds. 

Elements are basic wiiis of matter which cannot be decomposed jwihei 
by any method, chemical or physical. 
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LAWS OF CHEMICAL COMBINATION 


Compounds are substances formed by the union ofuvo or more element 
as the result of a chemical reaction. They cannot be decoZosedtu 
constituents by ordinary chemical methods. ^ 


Although there are hundreds and thousands of compounds known 
the number of elements known is only 103*. upuunus Known 


of go'd, coppar, are example; 

oxygen ; ealeium. carbon and ox3;gen!^"espeetive“y 

earth is composed of all the other elem-nU Th^“mo'’t® ‘^e 

.n the earth's crust is oxygen. Silicon 'coLs^ext ^'’“"dant element 

laws^'o'f^TmicL tiorS” fundamental 

nain;rous exp-rimmts towards enunciated as a result of 

b.'ginning of the nineteenth ^ntury. erghteenth and the 


Lavoisier in 1 774°sta^e”r*^***'*° of Mass. This law, put forward b; 


chemical reaa^^tu ° system is unchanged as the result of i 


chemical’ rea?hm':^‘'"lnnio^o iTmer'II’ , accompanying 

neither be created nor 7 .^stfoy^ 

advances, particularly in the d-velonm''p.‘'"t"V and practica 

ed that under certain conditions mas^^ m energy, have reveal 

Tins conversion takcTplacc^i? energy an. 

Place in accordance wuh the equation 


T ■= ni 


1 A ^ /// ^ • 

lighL convened nuo energy £-and 


in 1799 stmcMa''''' 


c is the velocity o 

The law established by Prou 


- .e some coo.. 

For example, w .ter r- ^ 

weight ' ^ ^ 

carbon 

carboi 


* ^ 'cl j u [ 1 11* I 

t ol hydrog,-,, and S'Ofu] i^K^bv w" ' "‘h' ’‘‘'r POnS parts b' 

:- byu-eght. U pans o 

*T,so nurc elc— — — 


Invc „o; """'X, ,,,4 


“"‘I b.cn pr.p,,r;u. 


The 
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The Law of Multiple Proportions. This law discovered by John 
Dalton in 1804 may be stated as : 

If nvo elements, say A and B, combine to form more than one 
then different weights of A which combine with a definite weight of B, btar 
c simple whole number ratio to one another. 

The law may be illustrated with reference to the five oxides of 
nitrogen given in Table 1.1. 

TABLE I-l 

Law of Multiple Proportions and Oxides of Nitrogen 


Compound 


Nitrous oxide 
Nitric oxide 
Nitrogen trioxide 
Nitrogen tetroxidc 
Nitrogen pentoxide 


Formula 


Relative weights of nitrogen and oxygen 


NjO 

NO 

NoOa 

N.O, 

NyOs 


Nitrogen 

Oxygen | 

Nitrogen 

Oxygen 

28 

16 

28 

16- 1 

14 

16 

28 

16 - 2 

28 

48 

28 

16 - ^ 

28 

64 

28 

16x4 

28 

81) 

I 28 

16 n 5 


. ^ I .. /yvvocn which combine with a 

It is evident that different Vin |^r- ,io to one another. The 

definite weight of nitrogen, bear a simple 

simple ratio is 1 : 2 i 3 . 4 . 5. established bv the 

4. The Law of Combining Weights. ^^Tl 

experimentai work of Ritcher m 79 ^^ 

or in multiples of these proportions. 

For 
to form 

dioxide v*—*' 

should do so in the proportto 

, Merams of sulphur to 

Similarly, 12 grams of ^irbrni combmc ^ ^ 

form carbon disulphide (CS,) ^ ,,,r and o\yg-n combine 

carbon dioxide (COJ. Thcrelorc when ^ ^ 

they should do so in the proportion o-t . proportion 1 ; 1 

multiple of it. Sulphur . of 2 ; I- 

in sulphur dioxide which is a sw p English school teacher 

Dalton’s Atomic Hypothesis. John . ,,1 definite coniposiium 

(1766-1844) in an attempt to c.xplain , hvpoihc-i^ 

and multiple proportions, proposed ai 
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LAWS OF CHEMICAL COMBINATION 


Subsequently, it was found that it could explain all the four laws of 
chemical combination and so it began to be referred as atomic theory 
rather than as atomic hypothesis. 

The postulates of Dalton’s atomic theory may be stated as : 

1. Matter is composed of small, definite and indestructible particles 
called atoms, which are indivisible. 

2. All atoms of the same element are equal in weight and similar in 
all respects. Atoms of different elements differ in all respects. 

3. Compounds are formed by the union of atoms of different 
elements in simple numerical proportions such as 1 : 1, 1 : 2, 1 : 3, 2 : 3, 
etc. 


4. The combining weights of the elements are really the combining 
weights of the atoms. 

Although we now know that atom is not indivisible and that all 
atoms of the same element are not alike in weight, yet Dalton’s atomic 
theory was the first attempt to organise scientific thinking in chemistry. 

Combining Weights or Equivalent Weights. The law of combining 
weights has given rise to the idea of combining weights or equivalent 
weights of elements defined as that weight of element which combines 
with or displaces from combination 8 00 pans by weight of oxygen 
Previously, the equivalent weight was defined with reference to 1008 
parts by weight of hydrogen. But now oxygen is preferred, since most 

of the elements can form compounds more readily with oxygen than 
with hydrogen. 


Sometimes, one and the same element may combine with oxygen 
to form more than one compound as shown under the law of multiple 
proportions. In such cases the element will have more th^n one 
equivalent weights. For example, the equivalent weight o l^carbon is 6 
in carbon monoxide (CO) and 3 in carbon dioxide (Co! The llo 


Equivalent weights of acids and bases The • , 

an acid depends upon its bisicitv 'inti Th-it u weight of 

basicity ojan acid is dcHncd a^fhe n fT 

acidity of a base ixs the number of hydr^fxvl ions ions and the 

per molecule on ionizatum. Thus the h-isicitv h ^ 

which is capable of givino onlv one H- i > ! ^V^i'ochloric acid 

basicityof sulphuric acid capable of 

IS two and so on. Likc\\^^L^ the iciditv .r ^ ^ r /‘'’ns pcrmolecule 
of yielding only one OH- ion per molccnO ■ ‘lydroxidc capable 

barium hydroxide which can ionise to 'nve Pvo on ‘ of 
IS two and SO on. ^ ^ lon.s per nudccule 


The equivalent weieht < / an acifi Jc i r i 

which gives one H. ion. ^ S 

e^imyUn, hasc as ihc wci4t of I 

ion, 17 parts by u eight of the hydroxy 


the wcighi of the 
of hydrogen ion, 
base vv hich cives 
ion, on ionization. 


acid 

and 

one 
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The relation between the molecular weights and equivalent weights 

of acids and bases may thus be represented as : 

_ Its molecular weight 


Basicity 

_ Its molecular weight 
~ acidity 

Molecular weight _ 

= j 

Molecular weight 
2 

Mole cular weight 

= j 

Molecular we ight _ 
= 2 


36*5 


= 49 


= 40 


= 85-5 


Equivalent weight of an acid 

Equivalent weight of a base 

Thus, 

Equivalent weight of HCl 
Equivalet weight of HjSOj 

Equivalent weight of NaOH 

Equivalent weight of Ba(OH )2 
The cquivalenl weight of an acid or base expressed in grams is called 
the gram equivalent of the add or ^he has. 

the base which is "““trahsed b^ f equivalent weiahts of bases 
definition helps in ‘he _detemn ation ol oqu^^ 

7 mole'^ofNlcOj? neutralised by 2 gram equivalents o( hydrochloric 

V, 4 PHrl — 2NaCl + CO, + H,0 
the equivai;::; weight of sodium carbonate is half of its molecular 

""t’the case of NaHCO. 1 mole is neutralised by one gram equivalent 
of hydrochloric acid. 


NaHCO, 4- HCl 


NaCI CO 2 + H 2 O 


I «* wciohi is equal to its molecular weight. 
'’^"S:^r::;htsofoddi..^an.reduci^ ag^x. 
weight of an oxidising age indirectly 8 parts by weight of oxygen. 
7rex7mplVTmde7 o"^MnO.‘';^ve Jn tr^aimcnt with suipburic acid 

5 gram atom^s o wn^o. _ K,SO, + 2MnSO. + 3H, 0 + 5(0) 

In other words, 2 + + ®,I!ii2ht'’o7KM7o4 which gives 

give 5x16-80 gm. of oxygen. Hence, wugm 
8 gm. of oxygcn-=3!'6. 

Thus, equivalent weight of KMnO* — . • * 

The equivalent weight of S oT oi^^-n for 

of the reducing agent which takes up X pans y 
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EQUIVALENT WEIGHTS 


its oxidation. For example, two moles of ferrous sulphate require 1 
gram atom of oxygen for oxidation : 

2FeS04 H- HoSOi + (O) ► Fe2(SO,)3 -t- HoO 

Irt other words, 2(56+32+ 64)= 304 gm. of ferrous sulphate are 
oxidised by 16 gm. of oxygen. Hence, weight of FeSO^ which takes up 
8 gm. of oxygen = 152 (=its molecular weight). 


Thus, equivalent weight of FeSOj = 152 

Equivaknt weights of salts. The equivalent weights of salts are 
evaluated frem the equivalent weights of their constituent atoms. The 
equivalent weights of the atems are obtained by the expression 

Equivalent weight = ^ Atomic we igjU 

Valency 


Thus, 

Equivalent weight ofNaCl 


Equivalent weight of BaCI 


= Eq. wt. of Na + Eq. wt. of Cl 

At, wt. of Na , At. wt. of Cl 

Valency Valency 

23 , 35-5 

= j- -h -j- - 58-5 

= Eq. wt. of Ba + Eq. wt. of Cl 

— o f Ba ^ At. w't. ofCl 

Valency Valency 


137 . 35-5 


+ + 


= 104 


palfon’'puwi:h/d‘i,ir auPn?r:heory“7r808)'" 

Lussac, discovered thor 1 . / ( lo08), the French chemist. Gay 

they do so in volumes »■/„</, hear Zm'lc'Ta,/',' ''He, act, 
the gaseous products formed m;n !d^ i , / another as well as to 

conditions of tewncraru, nl't measured under 

as the Law of Gaseous Velum s * pr^-ssme. This statement is known 

-ntbine with one ^vgonTo'n:,’;;;'"' T 

form Of Steam. Similarly. l volum^of hwt. . “ 'olmnos of \vater in the 
of chlonne to form 2 volumes of hvd c!c^,1 o 


Atoms and Molecules 


Law was realised by Avo..adrJ -,n I, r 'L^o'l'cance of Gay Lussac’s 

in the first place, to distimauish h77vc , Tlic law led him. 

that lime the word atom- 'used to ^Fs il," I'nJ a »m/ca//i". At 

particle ol any substance irrespeclive of'ih r ' ’*■ .^'”‘’''ost conceivable 

or a compound. Avogadro su-acsted th n i "" element 

to element only. In addition.'he suaae jJd . 'n wT ^«'"<=tecl 

.tesieu a new term inoleculc' which 
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could be used for elements as well as compounds. The two terms were 

defined as : . 

An atom is the smallest particle of an element that can take part tn a 

chemical reaction. t .1 

A molecule is the smallest particle of an element or a compound that 

can exist in the free state. 

In comoounds the molecules consist of two or more different atoms 
for ex ampll carbon dioxide (CO,) molecule consists of one atom ot 

carbon and two atoms of oxygen. 

The molecules of elements consist of one or more similar atoms 
for Example a n?olecule of hydrogen consists of two atoms, both ol 

^ t nw After distinguishing carefully between an atom and 

a moSe in 1811,’ Avogadro enunciated the following generalization in 

the same year : 

Equal volumes of all gases under the same a nditions of temperature 
and pressure contain the same number of molecules. 

of atoms, It follows ^ molecules arc very small. 

weights^ The actua weight oj^ atoms 

being of the order of 10 standard atom. Oxygen atom 

Tmken aroirsmndard atom*. Thus, atomic and molecular weights are, 
in reality, relative weights. 

ato^«; 

atom taken as 16. . • -n • . 

.baf^xr'^ri^tiph:;^ di^i^'tVh^^ ^eavy rox^g;:;; 

tL:" irmX=ll-;: c!:~e, CaCO„ contains 
•Now C** taken as the standard atom. 



QUESTIONS 



one atom of calcium (at. wt.=40), one atom of carbon (at. wt.=- 12) 
and three atoms of oxygen (at. wt. =16). The molecular weight of the 
compound, therefore, is 404-12-1-48=100. 

The atomic and molecular weights, expressed in grams are termed 
as gram atom or gram molecule (or simply as mole), respectively. 

One mole of any gaseous substance at N,T.P. (0‘*C and 76 cm. 
pressure) occupies 22‘4 litres. This volume is known as gram molecular 
volume or molar volume. 


Av<^adro s Number. The actual number of molecules present in one 
mole of a substance (or in 22*4 litres of a gas at N.T.P.) has been 
^etemined by a variety of methods. The value known as Avogadro’s 
number, is accepted at present as 6 023 x lO^^. Thus, one mole of every 

r>f n ^ molecules. Knowing molecular weight 

calculate the weight of each molecule 

3U6^02""1o-= 5-3T3 X of oxygen is 


QUESTIONS 

T State and explain thevatious laws of chemical combination, 
and bases calculated weight. How are the equivalent weights of acids 

cquivalcm w‘Jlgh.s'of HCl! H^Sof. nLoh'"' ^ 

and ?/v) (''> =■ hase (im an oxidising agent 

FeSo' “'■••isl'tsof H.SO„ NaOJI. NaHCO,, Na,C03. KMnO^, 
of a single molec uk of ‘‘s’tcnnine the weight 


CHAFFER II 


PERIODIC CLASSIFICATION OF ELEMENTS 


Attempts were made early in the history of development of chemistry 
as a science, to divide elements into metals and non-metals basc-d on 
differences in such properties as maileabihty, lustre, hardness and ability 
to fom" acidic or hls\c oxides. Certain elements such as arsenic and 
antimony which had properties in common with both metals and non- 
metals were grouped as metalloids. 

With increase in the number of known clcntenls through new 
discoveries (only 56 elements were known by the middle of last century 

and mdarthe number has risen to 103 *). efforts were made towards a 
more systematic classification of the elements. The ? 

the atomic theory towards the beginning ot 

the development of methods for determining atomic weights soon after, 
provided a suitable basis for the above classification. 

Dobereiner's Triads. Dobercincr in 1 «30 on careful examination ot 
atomic weights of different elements wliich were known at that unu 

weights of the other two elements. Simie such triads are snowi 

Table 2.1. 

TABLE 21 
llie Triads 


Elements of different 

• 

1 

triads 1 

Mean uloiiiic weight of 
the first and third elements 

Lithium 

7 

Sodium 

23 

Puiassium | 
39 ! 

23 

Chlorine 

35-5 

Bromine 

80 

Iodine 

127 

81 

Calcium 

40 

Stroniium 

88 

Barium 

137 

88 


•See foot note on page 2 
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STUDY OF THE TABLE 


This regularity was highly surprising and stimulated other workers to 
discover new triads as well as to extend this rule to new elements as ana 
when they were discovered. But these attempts were not successful. 

Further advance in the classification of elements on the basis of 
atomic weights had to wait until 1 858 by which time atomic weight 
determinations had been put on a sound basis mainly by the efforts of 
Cannizzaro. 

Law of Octaves. Newlands, an English chemist, in 1866, brought out 
another regularity amongst the elements known (aboul 56) at that time.^ 
He showed that when the elements (leaving hydrogen) we^3-arranged in 
the order of increasing atomic weights, every succeeding eighth element 
had properties similar to those of the first (cf. Table 2.2). On analogy 
with musical scale, he called this relationship as the law of octaves. 


TABLE 2.2 
The Octaves 


Li j 

Be 

B i 

c 

N 

O 

F 

1 1 

9 

n 

12 

14 

16 

19 

Na 

Mg 1 

A1 

Si 

P 

s ! 

Cl 

23 

24 : 

4 

27 

28 

.^I 

32 

35-5 

K i 

Ca , 


> ’ 

1 1 

1 


1 


39 ; 

40 1 


1 

1 

1 


1 


For example, the eighth clement, sodium is very similar to lithium 
and so is the next eighth occurring element, potassium. The same is 
true of beryllium, magnesium and calcium ; boron and aluminium ; 
carbon and silicon ; nitrogen and phosphorus*; oxygen and sulphur and 
fluorine and chlorine. 


The chief drawback of the NewlandVsystcm was that the regularity 
broke down after calcium. 

Mendeleeff s Table. The mo'>t significant contribution towards the 

classification of elements was made by Mendcleeff in 1869. Ho arranged 

the elements in the order ol increasing atomic weights leaving blank 

spaces whercN'er necessary in sucli a manner that elements with similar 

physical and chemical pt'^perlies were placed in the same vertical 

column. He concluded, iheretore. that physical and clicniical properties of 

elements are periodic functions ( I their atomic u eiithts. This statement is 

known as the periodic law and the table prepared on this basis is known 
as the periodic table. 

rhomk','”' r"”; '"^'^T'-nclcntly. I.olliar Meycr. n Genn.in 

chemist, also drew up a comprehensive system of classirieaiion based on 

tind placed the 56 

nere emen^ ""-'"i- He predicted that 

classification'ot t'hcXmcnt^^^^ 
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Later researches revealed that atomic number 
weight is the fundamental property of the element. The periodic law has, 

therefore, been modified as : 

The propenies of elements are periodic functions of their atomic 

numbers. 

The elements have now been arranged in the 
atomic number instead of increasing atomic weight. 
the basis of classification has shifted from atomic ° 

number. This has resulted in the removal of a few j 

original Mendeleeffs table. 'The modified and J’rought-ui^-to-d.ue 

periodic table is annexed in the folder. The inert gases 

known at the time of Mendeleeff and were d'*“''"r"d/";®^,f,;’^,1d^either 
put in a separate group, known as zero group, which « l’'-''='r“ 
on the extreme left or more commonly on the extreme n Ji 

The atomic weight of each element has been put 

and the atomic number has been put on the top. periods 

are called groups and the horizontal columns are known as perioas 

Study of the Table. The Periods. The first period 
elemfnls, namely, hydrogen and helium. The next two 

eight elements each. Leaving the clement as 

evident that the same properties recur in the every eighth cicm 

was first shown by Newlands. The elements of zero gmup conn^^ ^l^^_ 

extremely non-metallic (electronegative) e ei l ^ _ > Thus neon 

extremelv metallic (electropositive) elements of group /• ' . 

connTcis fluorine and sodium, while argon connects chlorine and 

potassium, and so on. . , 

The first two elements of the fourth period potassium and c.i c u 

also show recurrence of properties as reqmred e not scent 

The difficulty arises after calcium when J'*" 

tr. hold cood. McndeleefT overcame this difficulty by f 

correctly the existence of long periods 

the fourth period is a long period (also called the first 
consisting of 18 elements. It begins with potassium, an 

strongly electro-positive rubidium of the next period. 

’’"The sixth period is also a long period. ..f.^ttTr'ure 

out of which 14 elements with atnmic imd to laiithaiu;m 

3^;-^ ;:r“will be undue sldewse 
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'USES OF PERIODIC SYSTEM 


■expansion of the table. To avoid this, they are printed as a separate 
series below the periodic table as shown. The seventh period consists 
of 1 7 elements, which include the recently discovered elements obtained 
artificially by nuclear reactions. As the elements after lanthanum are 
called lanthanides, similarly the elements after actinium (at. no. 89) 
are called actinides. To avoid inconvenient sideways expansion of 
the table, these elements are also printed below the periodic table 
:as shown. 

The elements beyond .uranium (at. no. 92) have been synthesised 
artificially by nuclear reactions and are called transuranic elements. 
Their names are neptunium, plutonium, americium, curium, berkelium, 
•californium, einsteinium, fermium, mendelevium, nobelium and lawren- 
■cium. They are not known to exist in nature. 


The Groups and Sub Groups. The vertical columns constitute groups. 

k"// are divided into two rows of elements. The elements 
in the first row placed towards the left constitute sub-groups A and those 
^ond row placed towards the right constitute sub-groups B. 
The elements belonging to the same sub-group have similar physical and 
•chemical properties. Thus, lithium, sodium, potassium, rubidium, cesium 
and rranciurn of sub-group I A resemble one another in their physical 
and chemical characteristics. Similarly, elements, copper, silver and 
gold belonging to sub-group IB have closely related properties. 

The elements belonging to two sub-groups of the same group, how- 
show a marked contrast in their properties. Thus, the elements of 
-group /y4, the alkali metals, have strongly electropositive charac- 
I uniformly monovalentandaresoft,silvery- 

1 °^ density. The elements of the sub-group /5, the 
live silver and gold, have much weaker electroposi- 

and dencer extremely weak basic oxides and are much harder 

cr. Copper and gold also show variable valency. 

The periodic system has proved useful to 
of classificatinn of ways. It has provided a comprehensive system 
chemistrv nn elements which has put the subject of inorganic 

reasoned out r-ith^'r trf ‘‘s the properties of the elements can be 

element in a the properties of one 

the same crouo c-in t'lose of the other elements belonging to 

the propcfiies of i the difTerences in 

•predicted ^ elements belonging to difTcrent groups cun be 


discussed below^ ^oiportanl uses ot the periodic system have been 

it periodic system 

tance, when Mcndcleeff drew nn ih For ins- 

ments scandium. calHum -md ar ^ table originally, the ele- 

m order to put similar el prmaniuin had not been discovered. But 

put similar elements m the same group, Mcndclccff left some 
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vacant spaces in his table. He also predicted the atomic weights as 
well as the more important physical and chemical properties of the un- 
known elements from the positions of the blanks, taking into account 
the properties of the neighbouring elements. All the three elements 
were discovered within 10 years of their prediction and in the life-time 

of Mendeleeff. 

Similarly, Mendeleeff had predicted the existence of another element 
between molybdenum and ruthenium and called it eka-nianganese as it 
was expected to lie below manganese in the sarnc sub-group. The 
element was discovered comparatively recently, in 1947, in nuclear 
fissions. It is called technetium (Tc). Another blank space lefi by 
Mendeleeff between tungsten and osmium has been filled by rhenium 
(Re) discovered by Noddack in 1925. 

(2) Correction of atomic weights in doubtful cases. The periodic 
system has been useful in correcting atomic weights of some of the 
elements. For example, when Mendeleeff was preparing his table, 
beryllium was known to have equivalent weight equal to 4-55 and as its 
oxide was isomorphous with aluminium oxide, its valency was taken as 
3. This gave 13-65 as the atomic weight. With this atomic weight 
beryllium should have occupied a position between carbon (at. wt. 12) 
and nitrogen (at.wt. 14). Such a position was so unlikely that MendcleclT 
boldly gave a valency of 2 to the element. This reduced the atomic 
weight to 9-1 and gave it a position in-between lithium (at. wl. 7) and 
boron (at wt. 11). This was in keeping w-ith its properties. Later on. 
the atomic weight of beryllium was found to be 9, /.e., about the same 
value as suggested by Mendeleeff. 

Similarly, the atomic weights of chromium, indium.ccrium, etc., were 
corrected with the help of the periodic table. 

(3) New ideas for research. The periodic table has also given new 
ideas to research workers. One such example is the discovery of telrava- 
lent compounds of lead. Formerly, only one tetravalcnt compound ol 
lead PbOg, was known. But from the position of the clement in the 
same group as carbon, it was surnfised that it should be capable ol 
forming other tetravalcnt compounds also. A careful research led to 
the preparation of lead tetrachloride, PbCli 

(4) New ideas in industrial field. Several light metals have been 
selected from their position in the periodic table for preparing alloys to 
be used in automobiles, aircrafts, jet engines, etc. 

The development of freon (CF-.CL) as a refrigerant is another 
example of the use of periodic table in industry. The idea arose from 
realisation of the fact that certain compounds of non-metalhc eiemenis 
of the top of the groups VIB to VlIB (e.g., C N, S and F) wxre highly 
volatile and could be used as refrigerants. For example, ammonia and 
sulphur dioxide are good as refrigerants but they are toxic. CareUil 
investigations have led to the discovery ol freon, a compound ol carbon. 

fluorine and chlorine. 

Defects in the periodic Tabic, The periodic tabic has a few defects also: 

(1) Position of hydrogen. The position of hydrogen has been enigmatic. 
The formation of its typical oxide, H-,0 and the production of positive 
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hydrogen ions (H'*’) similar to those of the alkali metal ions Na"^, 

K.'*’, etc.) in the aqueous solutions of their compounds, suggests that it 
should be placed at the head of the group /^. On the other hand, the 
fact that it exists as a diatomic gas and that with active metals it forms 
hydrides {e.g., NaH) which in aqueous solution furnish the negative 
hydride ion (H“) similar to the halide ions (e.g., F~ Cl“, Br~, etc.) 
suggests that it should lie at the head of the group VIIB. 

it is now customary to place hydrogen at the top of group I as well 
as group V!I. 

(2) Position of lanthanides and actinides. The lanthanides and 
actinides cannot be properly included in the periodic table. All the 1 5 
elements of lanthanide series have been put at one place. Same is the 
case with the 15 members of the actinide series. 

(3) Position of isotopes. A large number of isotopes of various 
elements do not find any place in the periodic table. 

(4) Anomalies of the old periodic table. Mendeleeff’s original table 
was arranged in the order of increasing atomic weights. On this basis, 
•certain pairs of elements such as argm and potassium; tellurium and 
iodine and cobalt and nickel, would have been placed in groups to which 
they could not belong from the point of view of their properties. There- 
fore, their positions had to be interchanged. This led to anomalies. 

These anomalies were, however, removed when the elements were 
arranged in the order of their atomic number instead of atomic weight. 

(5) Relative positions of some similar and dissimilar elements. Certain 
elements though possessing many dissimilarities have been placed in the 
same group or even in the same sub-group. Thus, copper, silver, and 
gold are very much d^erenl from alkali metals, yet they have been put 
in the same group. Similarly, chromium, molybdenum and tungsten 

are placed m group V/ along with oxygen and sulphur with which they 
do not nave much m common. 


of elements having similar 
^ instance, copper, 

^ properties in common with nickel, 

the fnl P'^^ced in group / while 

aluminium \n mnn\? ^ iron and chromium resemble 

aluminium m many respects, but they arc placed in different groups. 

of p"l!?dnf,rrsm,‘'nr '-‘’"r 'he objection 

gro^up a new form nf ’’n '"''’‘’1''’ '’“VI’® ‘'‘"''•'rent properties, in the same 
owe IS table has been drawn. It is shown on 

The ,•) sub-groups^'are'^arri'nn* 1"''* ^ ‘'y- 'totti one another. 

'“hie, in 

imperfections, it' c^a m j '“"'’he''/''' irregularities and 

achievements. regaided as one of the greatest scientific 
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QUESTIONS 

1. ^ritea short account of the histoncal developments of the periodic class!* 

ncation of elements. , 

2. Describe briefly the periodic classification of elements. State the advantages 

and defects of this classification. ^ 

. observed relatmn of the elements was periodic classification of 

elements b^ed ? Mention the advantanges and anomalies of this classification and 
state how these anomalies were explained in the light of modem researches in science. 

(Jammu and Kashmir Inter 1959} 

4. Mention the advantages and defects of periodic classification of elements. 

* (Rajputana Inter 1952} 
modc^ periodic classification of elemenu in the light of the 

(U.P. Board Inter 1955} 

imponanT'd'fferencSbetwccn^m^ 

ing to the Periodic1^abirin''aink‘ the Perk!^'S!°° lead- 

detos h?v^«„"’romoved'' oSte ‘£flySCoicd‘'peri^irTab^^^^ 

thanatomJrwdght'for^ lh'?S‘mcm?on‘SfTlemem/ ^ 

What arc the main uses of^^such'^^’cIa^siTic'iiion'^^^ been made to classify the elements. 
13 n^riK. K n u ‘''^^‘^‘cation > (Jammu and Kashmir Inter 1962} 

periodic classification f ' ^ modern periodic tabic. What shortcoming still exist in 
Perio^dic cSfiication of Octaves, Groups.Pcriods, as applied to 


CHAPTER III 
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STRUCTURE OF THE ATOM 




The Dalton’s atomic theory, as has been shown in the first chapter, 
nroviltes a satisfactory basis for the laws of chemical combination. 
However it gives no answer to a number of questions. For instance, it 
Tannot explain why atoms of different elements differ in their weight, 
vSies etc The curious-minded investigators were more or less 
conviS that there must be materia! difference in the ‘make up’ of the 
atoms ol different eiements. If it were so, atom could not be the ultimate 
fXtstblf parhcle of matter as postulated by Dalton. But there was no 
evidence to support their conjecture for quite a long time. It was not 
until many years later that the study of conduction of electricity through 
cases and development of radio-activity provided evidence to show that 
atom is not indivisibie hut consists of smaller fundamental particles. 

Cathode Rays. The Electron. It was observed in 1 880 that when an 
electric discharge is allowed to pass tlyough a highly evacuated glass 
tube the cathode (negative electrode) emits a peculiar radiation 
(Fig’ 3 1) These radiations, known as the cathode rays, travel .in 




Fig. 3-2. The denection of caihode rays in an electric field. 
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POSITIVE RAYS. THE PROTON 


Straight lines with high speed and cast a shadow of a solid object placed 
in their path. It was also observed that the rays were deflected in an 
electric field towards the positively charged plate (Fig. 3.2). This showed 
that the rays are negatively charged. 

The rays when allowed to fall on a small pedal wheel caused its rota- 
tion. This showed that the rays consist of material particles. 

In 1 897, the English physicist. Sir J.J. Thomson and in 1917, the 
himoiis American physicist, Millikan, measured the charge {e) and mass 
(m) of each particle and found that these values are identical, irrespective 
of the nature of the metal forming the cathode or the nature of the 
gas m the tube. The most recent work indicates that the charge on each 

^8 * '^02 X 10 coulomb and the mass of each particle 

hydrogen atom 

concluded from the above observations that one common 

1 602 X 10 coulombs. This particle is known as the electron. 

it is us?r./m ^'ectron is the smallest charge of electricity. 

It IS usual to speak ot the charge on an electron as unit negative charge. 

ent onhc atoiu^nnH^^n electron is an essential constitu- 

it follows that therp iitom. as a whole, is electrically neutral, 

tude within the atom electricity, equal in magni- 

discharge tube cont^:,i„L Ir caTefu\ experiments with 

another type of radiation showed the presence of 

and carried positivt charee through the holes in the cathode 

P Charge. These rays are known as positive rays or 



f«g- 3-?. The production of anode rays 

c(=, 

orihcirch;irgc to m il; ( ,^ '^h ^ m nature, as the ratio 

tube. masM. /M xurics with the nature of the gas in the 

thcThygcl'iC ''’y'-yy,, y-''"'' '■ '«■ /his shows that if 

I'riginaiinc from luMrofrcu ih -h '// ' /^o^/z/Ve particle 

number ..f i.u osiiirau.r" and it "i. u n cP'ifirmed by a 

g/rc7j . 'r /’r /Mv//f,ec/’ o ,-nc .>i th t, particle 

charge \rul in nin.ir J c h a ■ of matter. Its 

. .-/c t.a... -rpos ’c s, 'in to that of the electron. 
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l,s mass is about 1836 limes that of the electron ‘"'‘‘ PracticaU^ 

not exactly^ equal to that of the hydrogen atom. This lightest positive 

ra acYels known as proton. The hydrogen "^wh ,s the l^e 

t iHrf " in]^, H I 

^ir:^he con^ti-!!^ t^oLde ?ays d,d.r 

in their masses. . ^ 

These experirnents revealed that the atom <“> 

tgSfe mas^ it f^lirs^hm ‘,t entire mass 'of the atom is associate,: 

,W,A t/,e portt/re resWne^ Theory In 1911, Rutherford performed 

experiments of struck thin menallic 

jvely charged a-particlcs (g . . sheet with no change in their 

fatfbuT Yme of were deflected from their original path and quite 



Fig. 3.4. Bombardmint of an atom with alpha parucles. 

u/f-re deflected through 90° or even wider angles (Fig. 3.4). As the 
themselves %s charged and have an appreciable 

m«s (4 Umes hydrogen atom), their strong deflections show- 

Zl^lZfmft be preslnl in each atom a heary post, nety charge, ! 

*‘’‘^On the basis of these experiments, Rutherford put forth his hypothe- 
sis ?f nuclear atom. According to this hypothesis, the atont consists of . 

(n An extremely small positively charged body called the nucleus, 
lying^it th^ centre and carrying almost the entire mass of the atom , 

A of small negative electrons, surrounding the nucleus ; 

the ^nlblr" oT~rbeL1 sufficient to balance the charge on the 

nucleus. j„ ,he nceative electrons do not fall into the 

posUivelfcYarYef nudeis on account of their mutual attraction. 
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THE NEUTRON 


Rutherford and later Neils Bohr proposed that the electrons are revolv-^ 
ing round the nucleus at high velocities in different shells or orbits. The 
centrifugal force (tending to take the electrons away from th6ir orbits) 
balances the force of electrostatic attraction of the positive nucletis for 
the negative electrons. 

This picture of the atom is similar to that of the solar system on a 
miniature scale. The nucleus represents the sun and the revolving 
electrons, the planets. The electrons are, therefore, termed as planetary 
electrons. 

Atomic number. Moseley, a young English scientist in 1914, deve- 
loped a method for determining the number of unit positive charges on 
the nucleus of an atom. This quantity was called atomic number. 

Atomic number of an element is equal to the number of unit positive 
charges (/.e., the number of protons) on the nucleus. 

Since the atom is electrically neutral it follows that the number of 
positive charges on the nucleus must be equal to the number of planetary- 
electrons. Thus, 


Atomic number “Number of positive charges on the nucleus of the 

atom 

= Numbcr of planetary electrons in the atom 

Subsequent research has slu)\sn that atomic number is the most 
important funJaniental characteristic of an atom which determines most 
ol Its chemical and physical properties. Therefore, the elements in the 

periodic U'.bto are now arranged m the order of increasing atomic numbers 
and not atomic weights. 


1 lie Neutron. By now it should be clear that Rutherford's view of 
the structure of the neutral atom was that it consists of positive electric- 
ity concentrated in a minute nucleus in which also the entire mass of 

"‘'‘giltivc electricity in the form of electrons 
arranged round the nucleus in difTerent orbits. 

Now the atomic number of h>drogon was found by Moseley to be I. 

should contain one proton. Since the 
entire \stiglu ol an atom is concentrated in its nucleus, the weight Of' 

proton IS supposed to be very nearly equal to that of the hydrogen atotti/ 

helium T.' in the periodic table is 

u ’iX ,*c is 2 and its atomic 

Therefor/.l/X"^^^^ hydrogen atom. 

c, the nucleus ol the helium atom must 

have 4 protons. But since i,s number is 2 Us 

loic Kulh^rtord suggested that 4 protons of the 
miJeus innst he associated 2 electrons so that 



nc, po.Mi^c charue may be 2 ‘i.nits Thm the 

1 “V >hown in 

the nucleus - ^''^virons in 

nucleus. ' ^ ^ I '"-y ciceirons arranged in an orbit around the 


Fig. 3.5. Rutherford’s 
representation of the 
structure of helium 
atom. 
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It was, however, difficult to visualise the existence of positive 
and negative electricity so dose to each other in the small nucleus. 

In 1932, Chadwick discovered that when beryllium or boron is bom- 
barded by alpha particles, particles. M earned no charge 

eaual to that of a hydrogen atom, where emitted These particles 

are caUed neutrons. It is convenient to consider the neutron as a combi- 

nation of a proton and an electron. 

The Structure of the Atom. Before proceeding with a detailed dis- 
cussion of the structure of the atom, it may be worthwhile to 
our knolwedge of the three fundamental sub-atomic particles. These 

(0 Electrons (/7) Protons and (///) Neutrons. 

or “ 

” %h= PoSy cITjcd ^nid« ; pro;^ " o? 

“S pJeSt fhe mass of Jn.- pro.on ,s enaa, lo , 0073 on 

the atomic weight scale. 

The neutrons 

Eaeh°Lunon““?ons:dered to be composed of one proton and one electron. 

Although there are still some uncertain features, it is now generally 

orr»»ntpd that the small but massive atomic nucleus consists ot 

^nrl nf'iitrons Since each proton and neutron has a mass approximately 
and neutrons. the atomic weight of an element is 

1 (on the ^protons ^and neutrons in the 

approximately on the nucleus, that is. the atomic 

nucleus. The net positive cnarg counterbalance the 

as already mentioned, are known as planetary electrons. 

Ciinnnie there is an atom of atomic weight A and atomic number Z. 
Them'^virentirits n" feus consists of Z P-tons and -a'-;- 

7—4=3 neutrons. Similarly, in the case of sodium . 

Atomic weight {A) = 23 
Atomic number (Z) = 1 1 
Number of protons = 1 1 
Number of neutrons {A—Z) = 12 
Number of planetary electrons = 1 1 

The number of Protons and neutrons in the nucleus^andt^^^ 

of planetary electrons in the orbits, in the case ot 
periodic table, are given in Table 3T. 
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ARRANGEMENT OF PLANETARY ELECTRONS 



TABLE 3.1 
Atomic Structures 


Atomic I ^ 

number { 

weight ! 


Nucleus 


Protons 

(Z) 


Neutrons 

M-Z) 


Orbits 


Planetary 

electrons 

(Z) 


Hydrogen 

Helium 

Lithium 

Beryllium 

Boron 

Carbon 

Nitrogen 

Oxygen 

Fluorine 

Neon 


H 

He 

Li 

Be 

B 

C 

N 

O 

F 

Nc 



Other Nuclear Particles. Modern researches have revealed the existence of many 
other nuclear particles as well. Some of them arc mentioned below : 

{(i) Positron. The American physicist, C.D. Anderson, during cosmic ray invesli- 
gaiion.s, in |93-. discovered a new fundamental particle called positron. It has the 
same negligible mass and the same amount of charge as the electron. However, the 
charge in this case is positive and hence the name positron. 

(ii) Meson, \uknwa in 1935 predicted the existence of another kind of sut^ 
atomic particle, called tnewn (mt’.u?— middle, Greek) which has a mass in between that 
oi electron and proton. The charge may be positive, negative or zero. 

ti,« .Neutrino Pauli in 1927 sugjcstcd the existence of another new particle, called 

charge on this particle is zero and mass.ihough variable, is always less 
Rodeback in i 95 -y c>^i>tence of these particles was shown by Allen and 

Drotnn d'^coxxTcd a new particle having mass equal to a 

h a negatne vharge. 1 hi.s particle is known its the antiproton. 

eleetronr^n"H‘'Tr The arrangement of planetary 

ffrnm hvi 1 8 elements 

to first three periods of the periodic 
table, IS based on the lolKiwnig ixxo rules : 

,>hJJL '""f Aare 

m n h.rnf M f/K- .»•/-</. Thus, tho maximum 

«p?ession "r gi''"" by the 

o' V. H ) oi 8, 18, 32 In oihcr words the 

titan's ^Ihe'Ih'ir'l rh i" have W 

sir”' <- * 

belon^"o'lK!VuM'per“yi;7'^hf^""'V'^ Hydrogen and helium 

hydrogen is I Th ' ti P-ruHlic tabic. The atomic number of 

nyaroguiisl. 1 he atomic weight is also I . Therefore, the nucleus of 
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the hydrocen atom consists of one proton. The number of planetary 
electrons 'is also one and it must b- in the first orbit. 




HYDROCEN 
At Nal 


HELIUM 
At. No. 2 


The atomic number of helium is 2 and the atomic weight is 4. 
Therefore, its nucleus should have 2 protons and 2 neutrons. The number 
of planetary electrons is 2 and 
since the first orbit can contain 
2 electrons, both the electrons 
are present in the first orbit. 

The atomic structures of hydro- 
gen and helium are represented 
in Fig. 3.6. 

Atomic Structures of the 
Elements of the Second Period. 

There are 8 elements, between 
lithium and neon, belonging to 

deVen ° lUhiumrhas Itlic number 3 and atomic weigh. 7. Therefore, 
its nSdeus consists of 3 protons and 7 minus 3, that ,s. 4 neutrons 
The number of planetary electrons is 3, two ol them arranged in the hrst 
^bi. and one in the second orbit. The next element, beryllium, has 
atomic number 4 and atomic weight 9. Therefore, the nucleus consists of 
4 protons and 5 neutrons. There are 4 planetary electrons, two m the 
first orbit and two in the second orbit. 

The atomic structures of all the 8 electrons of 
represented in Fig. 3.7. It is seen that the second orbit which b.gins with 


Fig. 3.6. Atomic structures 
of hydrogen and helium. 



LITHIUM 



GFRYLLIUM 

At.N#.4 


DORON 

At.No.S 




CARBON 


At.Ne.6 



N/THOOtN 
At No. T 



OXVGEN fUOMI.NE 

At-.Mo.B At.NoO 



A# :w 


Fig. 3.7. Atomic structures of elements from lithium to neon. 


the alkali metal 
as we move to 


lithium is built up by 
the elements of the 


addition of one electron at a lime, 
next higher atomic number, until 
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ISOTOPES 


With neon, the number of electrons in this orbit reaches 8, which is the 
maximum that this shell can have, according to rule (1) given above. 

Atomic Structures of the Elements of the Third Period. The third 
period begins with the alkali metal, sodium, of atomic number 11 and 
atomic weight 23. Accordingly, there are 1 1 protons and 12 neutrons in 
the nucleus. There are 1 1 planetary electrons : 2 in the first, 8 in the 
second and 1 in the third orbit. Thus, the third orbit begins with the 
of the third period. This orbit is completed with the appoach 
of the inert gas, argon, when the number of electrons becomes 8 which 
IS the maximum that this shell, being the outermost, can have according 
to rule (2) given above. 

. ^*®^**' structures of the elements of this period are represented 



fODJUM 

Ai.No.lt 



MACNESTUM 



ALUMINIUM 

At.No.l3 



SILICON 

At.No.14 



« WOSPHORUS 
At No fS 



5U1.PHUI* 
At No W 



CIIL0R1N6 

At.No.17 



ARGON 


i lb'. 3.y. Alt- mi-. Mriictiircs of Llcmcnt^ iVotn sodium to argon. 

ISOTOPES 

"‘‘‘i <-'hi.mic:i! propcrlies of an elemet 

numbor of nemmns'in tT- number. Now suppose that th 

the number of pr.>ions r element increase 

the atomic n ^ be no change i 

properties or positi,‘„ i.rih'^w * i'"' change in its chemicj 

will increase. Thus there w'ilj T-’*”' weight, howevei 

which will h;ue dilTerein w’i^hK Vnv^ ’ ‘k 

properties alul idemie al nosiiTon in H but ulentical chemics 

k-nown as isotopes (Greek. s^n^rplace^^ 
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are different kinds of atoms of an ejemeni having the same 
atomic number and same chemical properties and the same position in 
the periodic table but differing in weight (mass number). 

It is now known that most of the elements have two or 
of different weights. The atomic ur/.?/// of an element ihudore 
■defined as the mean of the mass numbers of its different isotopes ii 

troportZ In which tiley occur. Thus, chlorine has two ‘-‘-P-,;;' 
numbers 35 and 37 occurring roughly in the proportion 3.1. The mean 
atomic weight of chlorine is. therefore, given by 

35x 34-37 

4 

It must be emphasised that all isotopes of the same element have the 
same nuclear charge and the same number of planetary electrons. Tluy 
differ only in the number of ^ 


neutrons in the nucleus. The 
atomic structures of the two 
isotopes of chlorine are repre- 
sented in Fig. 3.9. 

Similarly, hydrogen has three 
isotopes of mass numbers 1, 2 and 
3 represented in Fig. 3.10. These 
are named as prolium, deuterium 
(heavy hydrogen) and tritium res- 
pectively. Hydrogen gas prepared H.^merium for every r>000 

" ;!:^.oacUve ..sin.c,raUons. 




CHLORINE 
MASS No 37 


CHLORINfc 
MASS No 35 

Fig. 3.9* (boiopcs of chlorine. 





PROTIUM 
MASS No 1 


DEUTERIUM 
MASS No i 


TRITIUM 
MASS No 1 


Fig. 3-10. Isotopes of hydrogen. 

. i^'icc numbers 39 and 40. In uaiural 

Argon has fpred^minates so that the mean atomic weight 

argon the second sotopc preunm numbers 39, 40 and 

4F Vhe lifirst'ilVost abundant so that the average atomic weight of 
the element is 39' 10. 

ISOBARS 

if ni;iv hannen sometimes that an 
As there arc so many '^P ; number as an isotope 

isotope of one clement may hd\c the Jifferent. For example, 

of another clement. ^*7"; of the same mass number 40. 

argon, potassium and calcium nave i 
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QUESTIONS 


but of atomic numbers 18, 19 and 20. Since their atomic numbers are 
different, their chemical properties will be different altogether. Such 
atoms are known as isobars (Greek ; /.so6ar5 = same weight). 

Isobars are atoms of different elements having the same mass but 
different atomic numbers. 

The atomic structures of isobars of argon, potassium and calcium are 
given in Fig. 3.1 1 . 



mRCON potassium isotope calcium 

At No.»8 Mass No 40 At. No lo Mass No. 40 At. No ?o Mass No 40 

Fig. 3.11. Elccironic sinicuire of isobars. 

QlFsnONS 

1. Do'cribc how the iliscoveric'^ of eathoJ .* rays ar.d positive rays have contribut- 
eil to our knowledge of the structure of the atom. ’ 

2. Discuss the experimental evidence wliicli led Rutherford to postulate a nuclear 
atom. 

?. What is Rutherford’s moiiel of the atom ? State clearly what you understand 
by the term 'atomic numher’. 

4. Gise the rules regarding the electronic configurations of the elements of the 
first three periods. Discu'-v the eieetronie eonfimiration of elements with atomic number 
2, 6. 12. 16. 18 and 1^. 

5. SMiat are isotopes .' Mow would > ou represent the atomic structures of different 
isotopes of h>drogen with mass nmnhets 1 . 2 and .' and of chlorine with numbers 35 
and 37 7 

6 NMial arc isobars 7 Hi'w il<. ihev differ from isotopes? 

Explain the terms ; 

\\\ Proton (i > Neut'-i'n (i/» .Atomic number 

What are atomic weights c'e.:! ‘me configurations and clectro\ alencies in the 
follow mg cases ; 

(') 18 neutrons an^l 1' ds are present in the nucleus of an atom of an 

clement. 

(u) 10 neutrons and O' pr>.ooti- aie pr..s-eni in the nucleus of an atom of an 

element. {Poniab Inter 1962) 

\ns. (/) 35 : 2, 8. 7 ; —1 (//) 20 ; 2, 8 ; zero] 

8. is ilie mod. r.i Lo:Kcr': o! tiu- .iruci'ire of an atom 7 Explain what you 

understind be netitror. ‘fivLtio. dci.A .ind i.oU'p. ? 

The nucleus of .m ckrnem ci-n-.i^is o' “ protiMis and 10 neutrons. What should 
bs- it.s atomic wcighi. alt'iiuc luunhci and cl<.vir<>\a!cncv ’ 

f, . Uiitimui onJ Kashmir. Ir.icr 1959) (.Ans. 10.9, — I 

hxpLiin un\ unir o! th^ iplK'winu it'rnis*. 

/ Fdeeiron {h\ P:.non iii Ne..tron u/) Nuclear eharcc fe) Eloctrovulency 

(/) Co-\ aiencs. - 

Upon whai ilocs the m iss of .jn .u.>m depend 7 Does atomic weight or atomic 
minihor determine the chemical prt>pertic' of an element 7 

T'hv tit'eleiis of an aiom I'f an element coniaii> I neutrons nnvl if protons. What 
js Its (I) aiumic v\e;glu .ind iii) eleciro\atcncv of the elcm ;nt Make a guess as to the 
nature of the elemem. hucr /96/nAns. 23. + 1) 
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VALENCY 


Historical. Several altempls had been made, since the '"j* 

Dahon to explain chemical combination ^nween atonu of d.ir^s m 
elements to form (molecules of) compounds. AUhou=.h , 

chemical combination were known and Dalton s atomic 
provided an explanation for them, the real cause of chemical comb, 

Ls not understood. Berzelius, m 1812. a ^ ^ 

static attraction. He thought that atoms which combuu with on. an ‘n 

had a defln combining power or valency (Latm, 

^"^These vkwl were^aier found to b 2 unsatisfactory in c^P'a|nuig^ 

is also known as Wee/z-omr //leorv o/ va/em>-. 

The ^ecronic ^d 

realised that the '^^rt gnse^ electrons in their outermost orbit (except- 
in any chemical reaction ’^ad 8 elect contains 2 electrons). 

jng helium in which there IS o y electrons in the outermost 

This led to the idea that statlily o? elements. U was. 

shell was in some way connected ■ inohcules. a re-arran^ie' 

therefore, staled that h/»c'/i ouJrmosi stuUs in such a nay as 
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ELECTROVALENCY 


each atom has an octet. Since combination of atoms takes pla<» by the 
gain or loss or sharing of the electrons m outermost orbit, they are 

often called valency electrons. 

Electrovalent or Ionic Compounds. Electrovalency. When compounds 
are formed bv the transference of one or more electrons from one atom to 
another, they are called electrovalent or ionic compounds. 

We may consider the formation of sodium chloride, which is a typi- 
cal ionic compound. The atomic structures of sodium and chlorine are 
shown in Fig. 4.1. The thick circles in inis figure as well as in subse- 
quent figures represent the nucleus. The arrangement of planetary 


a 


Na(2,8,a) Cl (2.8,7) Cl 

Fig. 4.1. Formation of soi ium chloride. 

electrons in sodium is 2, 8, 1 and in chlorine 2, 8, 7. The sodium 'atom 
gives one electron from its outermost orbit to the chlorine atom. As a 
result of this transfer, sodium atom has attained the stable octet con- 
figuration similar to that of neon (2.8) and chlorine has attained the 
stable argon configuration (2. 8. 8). as shown in Fig. 4.1. 

Hut as the sodium at«>m has gi\en away one electron, it now bears a 
positi\e charge and chlorine atom by virtue of the added electron bears a 
negative charge. Thc^c chaigcd particles are called ions. Thus, sodium 
atom cltangos into a posiii’. cly chargcil ion or cation and chlorine changes 
into a negalixely charged i“i\ .'r atiion. fltesc two oppositely charged 
ions are held ti>ccther by forces of electrostatic attraction in the crystal 
of sodium chloride. 




Tlie electron transfer (Vtirr. .mu atom to another (for example, from 
sodium to cltlorind is n.’ a'.v’ represented in a simple manner as shown 
below. The symbol vf the l i.nieiu is written to represent the nucleus as 
well as tile electro >s in .ill h -lU ; \i: pt the outcr-mo.st. The dots ( . ) or 
crosses ( v ) are then pm ai .,i,id the ^\mbol to represent the electrons 
in the outer-most -hell. The -iKiige on each ion is represented by the 
( -+ ) or ( — ) '.iim. l or e\aim'i,‘. 

r ■■ V 

. C' : N,' -. C ! : 


\ 


I 


J 


This torm »‘t cltemieal e-.mibination inxolving the transference of 
electrons Jni.ot <'nc u to an nher and leading to the formation of 
opP''Sitcly i'l ion'- which are held ti>\ieiher by electrostatic attraction, 

is know n a-i i:\eciroMiWm or ionic linkage and the ralcncv exliihited is 
known as elcctroxakncN . 
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For example, in the above case, the sodium atom gives up one 
electron and chlorine gains one electron. Hence, each atom has an 
electro-valency of 1. If the atoms of an element lose electrons to form 
positive ions, the element is said to have a positive valency. Thus, the 
valency of sodium is 4*1. Likewise, the elements whose atoms gam 
electrons to acquire stable configuration are said to have a negative 
valency. Thus, chlorine has a valency —1. 

Formation of calcium fluoride. The formation of calcium fluoride is 
represented in Fig. 4.2. The electronic configuration of calcium is 2, 8, 
8, 2 and that of fluorine is 2, 7. The calcium atom loses two electrons 
one to each of the two fluorine atoms as shown. 


The resulting calcium ion, therefore, carries 2 units of positive charge 
while each fluorine atom acquires one negative charge. 



Fig. 4 2. Formation of calcium Huoridc. 

Formation of magnesium sulphide. Another example is the formation 
of magnesium sulphide. The atomic structures of magnesium and 
sulphur are shown in Fig. 4.3. The electronic configuration of magnesium 



Fig. 4.3. Foimation of magnesiun^ sulphide. 

is 2 8 2 and that of sulphur is 2. 8, 6. Each magnesium atom loses 2 
electrons to a sulphur atom as shown. Magnesium atom, therefore, 
acQuires the stable configuration of neon (2. 8) while sulphur attains the 
stable configuration of argon (2, «, 8). Thus, we have a doubly positively 
charged magnesium ion and a doubly negatively charged sulphide ion. 
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COVALENCY 


Obviously, the electrovalency of calcium and magnesium is +2 each 
and that of fluorine and sulphur is -1 and —2, respectively. 

Characteristics of electrovalent compounds. The electrovalent com- 
pounds possess the following characteristic properties : 

1 . The X-ray analysis of the crystals of these compounds reveals 
that they consist of ions {/.e., cations and anions) and not molecules. This 
confirms that these compounds are formed by the transference of electrons 
from atoms of one element to those of the other. 

2. These compounds, on account of the presence of ions, conduct 
electricity even in fused state. 

3. The compounds are freely soluble in water and other liquids of 
high dielectric constant. The solution is a good conductor of electricity. 

4. The compounds, as a rule, are only slightly soluble in organic 
solvents. 

5. The melting points and boiling points of these compounds are 
high. 

Covalent Compounds. Covalency. There are a large number of 
compounds whose properties are different from those mentioned above. 
They do not conduct electricity, for instance, even when dissolved in 
water. These compounds, therefore, cannot come into existence by the 
transference of electrons. It was suggested by G. N. Lewis, an American 
chemist, in 1916. that atoms may also combine by sharing of the electrons 
in their outer-mnsf orbits to complete their respective octets. The shared 
electrons contribute towards the stability of both the atoms. This type 
of linkage is known as covalent linkage or covalent bond. The compounds 
formed by this mechanism are called covalent compounds. Since electrons 
are not transferred from one atom to another, in this mode of linkage, no 
charge develops on any of the atoms. Consequently, no ions are formed. 
Covalent linkage is, therefore, described as non-ionic linkage. 

A few examples of covaleiu li>’kagcs arc given below : 

(0 Formation of hydrtjgoii molecule. Hydrogen molecule is formed 
by the union of two atom->, F. tch atom has one electron in its outermost 
orbit (the only orbit). U r- ttuires (mic more electron to give it a stable 
configuration of helium ii m 1 :i!> is achieved by mutual sharing of one 
electron by each atom .iv ; below : 




H-h 


auMf'. tl\Jrogen molecule 

Thus, eacli .iiori- •..i- 2 cUciron'. iiic maxijiuim number that it needs 
HI the outer orh'i. I ua pair o! Llcclri»ns shared between two atoms is 

e lino or hiuul h.iween them. For c.xample, 
h>arogcn moiecule ma> be represcmcJ as H — H, 
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(//) Formation of chJorine molsculc. Each chlorine atom has 7 
■electrons in its outermost orbit. Each atom shares one of its electrons 
■with the other atom. In other words, two electrons are held in common 
between the atoms, as shown below : 




Cl 


oo 

Cl 

oo 



OR Cl - Cl 


Chlorine atoms 

Thus, each atom has its octet completed. 


Chlorine molecule 


(/7/) Formation of oxygen molecule. Oxygen atom has 6 electrons in 
its outermost orbit. Therefore, in the formation of oxygen molecule. O^. 
two of the electrons of each atom are sharedjbetween the two oxygen 
atoms as shown below : 



Oxymen atoms Oxygen molecule 

This form of chemical combination involving the sharing of electrons 
between two atoms is known as the covalent linkage and the valency 
exhibited is known as covalency. 

The covaleocy of an element is equal to the number of electrons shared 
by its atoms in order to complete the last orbit. Thus, the covalency of 
hydrogen and chlorine i> I and of oxygen is 2, in the above examples. 

(iv) Formation of hydrogen chloride. The formation of hydrogen 
chloride by the combination of one atom of hydrogen with one atom of 
•chlorine is represented as 


• • 






H + .d: 


I H(:icl 


OD H-Cl 




Hydrogen chloride 

The hydrogen atom acquires stable configuration as in helium (2 elcc 
irons in the outermost (first) orbit] and chlorine acquires neon configura 


tion (2,8,8,). 

(v) Formation of water and hydrogen sulphide. Oxygen atom has 6 

electrons and so has sulphur, in their outermost orbits. These atoms will. 



H-O-H 

Water 


H- S-H 

Hydrogen sulphide 
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therefore, require 2 electrons to complete their octets- In other wo^s, 
they will form two covalent bonds. This is shown above m the forma- 
tion of water (H 2 O) and hydrogen sulphide (HgS). 

(vi) Formation of ammonia and phosphorus trichloride. Nitro^n 
and phosphorus atom each has 5 electrons in the outermost orbit. Ine 
formation of ammonia (NH^) and phosphorus trichloride (PCla) is repre- 
sented as below : 



:iiS; P 2; CIS; 


H-N-H 

I 

H 



Ainmoniii Pho>phorus trichloride 

Thus, both nitrogen and p'nosphorus have covalency equal to 3 while 
hydrogen and thUninc have covalency equal to I, in these compounds. 

(u/) i ('rn!uti(m of methane and carbon dioxide. Carbon has 4 electrons 
in 11 . outcrnioit oibit. The formation of methane and carbon dioxide 

ni.tv be represented as : 



H 



0= c=o 


Mclhi'n. 


Carbon dioxide 


E\ ideiHiy. carbon ha - 


cov Lilcncv of 4. 


Character 'Sties of 
possess tltc i'olitiv. jt .» 


cov dent cnminninds. Tile 
eharacterisiie pri'pcrtics : 


covalent co mpounds 


(1) Since ihe 
electrons bclv.cv n 


• • lion; compounds are formed 
liic uioiiis. there is no ion 


by the sharing of 
formation. These 
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compounds, therefore, exist as molecules, and do not conduct electricity 
5n the fused Of dissolved state. 

(2) These compounds are generally slightly soluble m water. They 
are freelv soluble in organic solvents. 

of tlfe^oVa"ll^t t^witfStlut; pent:. 

pounds. . t #1 c'rk /\r<iin 5 «te OomDounds. Lewis showi^d ihcii 

Co-ordinate Ltnk«g<^. when bo,h electrons 

a different tpe “f ' "iTore contributed bv one atom only. This 

/or s/io™« co-ordinate linkage. For example, m a 

molecule of water, the oxygen 

“yVn^amr^onirtbrnefonlT these pairs^f electrons to a 
new oxygen atom as shown below . 


H 

* o 




#• 


• 0 

H 



OP 


0 

1 

M 


•O 


Hydrogen peroxide 

U- U r>r.ntrlhiite<; the pair of electrons is known as the 
The atom which electrons is called the acceptor, 

donor and the atom which pair. In the above 

The free pair of electrons is ' i a whereas the new oxygen 

example, the oxygem atorn m j i, represented bv an arrow 

priiitmS'do^ Thus, hydrogen peroxide is 

represented as 

H-O-O 


In the formation of 

share of the lone of "onve charge on 

second oxygen atom. Tlius, \ 

the two oxygen atoms as shown below . 

h-6—6 

I 

The donor atom which 

the other atom, the acceptor, becomes negative anu 
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some polarity. The linkage is, therefore, also referred to as a semi-polar 
linkage. 

^ (0 Formation of sulphur dioxide and sulphur trioxide. The 

formations of sulphur dioxide and sulphur trioxide are represented below • 



OR 0=5—0 f : 



5 OR O 


? 

• S-»0 


Sulphur dioxide 

rema^ninruvo nreT'^t’ hT '"’ked by covalent bond while the 

remaining ttto are Jinked by co-ordinate linkages as shown above. 

nation of ammonia Ammonium ion is formed by the combi- 

below; ' ^ through a co-ordinate linkage as shown 



4 oxygon (SO, ), The sulphate ion is formed by attachina 

sulphide i^n 






DO 


.> 

O 


^ C 



o 

o 


oo 

s 

oo 


OR 


o 


o 

o 


c 

t 


s 


•Y 

o 


o 


L 

Siilphaic ion 

Ihrniin, ' •» •* oxygen atoms. 


Hte sulphide ii n pcssksscs 4 lorn 
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QUESTIONS 

1 Whv do atoms combine to form molecules ? Give examples. 

2 What is mean, by stable configurafon ? Describe the vanous uaysbyubKh 

e.cc.ova,e„c.. ... 

properlies of compounds formed by clectrovalency. u u i i r 

4. Distinguish clearly between non-ionic and lon.c linkage w.ih the help o 

are tonic and non-ionic compounds 7 How do they d.lTer in the, r 

properties. -n ■ It ive vtlencv and negative valency? Give at least one 

example of demrn^or ra^dfea^ wi.h'lhc following elec.rovalcnccs : 

+ 1 , + 2 . +3, and-l, ~:!and -3. 

li.h^mc^^ol^wIl’wairi^pl-pdc'BZrd^ M„g„e,n„n ..Iplnde, 

8, What are nucleus of an atom of an elemcni. 

l/pro^rc^rern'mihenuclcusoranaicmofanel^^^^^^^^^^ 

9 ExpLinclectrosalency.covakncy, and co-ordi..ale valency. G.ve .he elec.ro- 

"" cic-onic .heory of valency. 

1 1 Explain wi.h illus.ralion. .he following lerms ; 

,2 Wrilc^dowr.hc ela.ol'irtomulae of .he following and explain briclly .hc 

HydCcrcl“rl.'.”orcmr|r l».iride. Magnesium oxide. Me.hyl 

chloride, Melhanc. Carbon dioxide. Chlorine. 

13. Write short notes , Jammu & Kashmir T.D.C. (/) 1067) 

Elecrovalency and Co' 'en cy. ulec.roialency and analeney 7 Elucidale 

14 What do you - covalent compounds, 

the characteristic properties ot - * {JamffUi <t Kash/nir T.D*C. (/) J966) 
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It IS a well-known laboratory observation that the decomposition of 

potassium chlorate takes place much more rapidly and at a much lower 

temperature, if a little manganese dioxide is added to it. This reaction 
IS written as : avuvi* 

Mn02 

2 KCIO 3 — 2KCi + 30^ 

cha^^ed^'*”^^^ ^iioxide is not used up at all and can be recovered un- 

^ chemicat reaction but which 

phenomenon is 

This pliencmeiioii has bsen weil-known since the beginnine of the 

posed^inorc^r-mn?v found that hydrogen peroxide decom- 

unchanoed Th^ \ Presence of platinum which itself remained 

ei™ hv R^r.T “loosening down“ was 

rcactions^m^ ^ o*her examples of catalytic 

nas hv tm ^ for example, the oxidation of hydrochloric acid 

cd^'^-r-'cup^c'cl'onjr" ^ases are pass- 

CuCl-. 

2H,0 + 2Ci.. 

slowau"rna?;Vcr’',^';^?"" '"hich is 

platinum. ' ^ roexeds more rapidly in the presence of 


:ii, - O. 

Hydrogen pcro.vidc (.Ij...-.,. 
colloidal platinum. 


Pt 

2H2O 

»P«'->cs more rapidly in 


the presence of 


2H,0. 


Pi 


catalyst. ^ products acts as 

oxidation ol oxalic acid by acidified potassiui 

36 


CATALYSIS 


37 


5(0) 


permanganate, represented by the following equation . 

2KMn04 + 3H,S04 — + 2MnS04 + 3H,0 - 

COOH 

5(0) + 51 .. lOCOa + >H.,0, 

COOH . . 

increases in velocity as the reaction in the 

due to the presence of manganous ions (Mn^ ) \ 

reaction. . 

This type of reaction in which one of the products itsej aits 

catalyst is known as zato-csit^\ysK. 

Promoters. It has been observed in a sulv 

of a catalyst is considerably increased by tlu addition 

stance which, by itself, has no catalytic proper y. 

S,Kh a subsumed uhich. though not u catalyst ‘ 

the activity of the catalyst to which it is added, is i alk dip 

Thus, molybdenum promotes the catalytic aciiMiy o iron in tic 
Haber process for the manufacture of ammonia. 

Iron 

Na + 3Ho — * 2NH;, 

Molybdenum 

Oxides of aluminium, thorium and uranium 
ic activity of iron for the above reaction Coppe. ^ 

the catalytic activity of nickel in the hydrogenation of oils. 

Negative Catalysts. In a lew a emtd^t, .,«K^^oUpced,n. 

the reaction, may actually retard It. - ^ catalysts are of groat 

or negative catalysts o.*- inhibitors. Th t ,(|j„i,.^her a particular 

use when it is desired to s ow down or top „f' hydrogen 

reaction. For example. 10 slow down i '■ Similarly, 

peroxide, a small amount of acetanilide sulphate by atmos- 

lo slow the oxidation of sodium sulph tc j’^‘‘S""'L,ad tetra- 

a I « ■ j ^ I i ^ rtl ule^'icnition of petrol vapour on coin- 

ethyl is added to petrol to an^ to minimise the 

pression in an internal combustion engine auu 

knocking effect. 

General Characteristics of Catalytic Reactions. i. . , 

1 . The catalyst remains catafy^t^^founrat 

position at the end of the b+orc. However, it may undergo 

the end of the reaction is the m incancsc dioxide catalyst used 

some physical change. ’biJJI-ate is found to have changed 

m the decomposition of potassium Similarly, the surface of the 

from granular ^‘atc <o powder of hydrogen and 

Sronorrmr.er^h“rgeff?rsUom 

oxygen 10 jorm waiw & catalvst is generally needed. In 

2. Only a sma 1 amount of the catalyst is required. For ins- 

many reactions “"'V “ J„e gram of calloidal platinum in 10’ 

tance, such a low concentration as one gi<mi 
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litres can catalyse decomposition of hydrogen peroxide. Similarly, as 
low a concentration as one gram of cupric ion in 10® litres can catalyse 
the oxidation of sodium sulphite to sodium sulphate by atmospheric 
oxygen. 

3. The catalyst does not alter the position of equilibrium in a reverse 
ble reaction. A catalyst can only hasten the approach of equilibrium in 
a reversible reaction. It does not alter ^he concentrations of the products. 
For example, in the reaction, 

2SO2 + O2 2SO3 

the presejice of platinised asbestos (catalyst) causes an appreciable 
increase in the rate of the reaction and hastens the approach of equili- 
brium but it does not in any way increase the yield of sulphur trioxide. 

4. The catalyst does not initiate the reaction. The reaction is already 
occurring, though extremely slowly, in the absence of the catalyst. The 
function of the catalyst seems to be only to speed up the reaction 
considerably. 

5. The catalyst is specific in its action. For example, manganese 
dioxide can catalyse the decomposition of potassium chlorate but not 
that of potassium perchlorate or potassium nitrate. 


However, transitional metals like iron, cobalt, nickel, platinum and 
palladium can catalyse reactions of various types. 

6. Catalysts cannot alter the nature of the products of the reaction. 
The combination of nitrogen and hydrogen under suitable conditions 
results invariably in the formation of ammonia whether a catalyst is 
added or not. Similarly. potassium chlorate on decomposition gives potas- 
sium chloride and oxygen whciher manganese dioxide is added or not. 


However, there are a few exceptions. Carbon monoxide and hydrogen 
combine to form nieth.ine or methyl alcohol or formaldehyde depending 
upon the nature of the caie.iv'jt used : 


CO -f 311, 

CO 2H, 
CO -r H, 


Nukel 


."'.itl r Cr^Os 



CH* + H2O 

CH3OH 

HCHO 


7. A catalyst is pokoned |j> certain substances. It has been found 

that impurities ol any type, even if present in small amounts, inhibit or 

retard the rate ol caialvsed reactions to a large extent. These impurities 

arc, t lerclore. called catalytic poisons. For example, the rate of combina- 

lon ot Milphui dioxide and oxygon (in the contact process) is slowed 

aown considerably li some arsenic compounds are present even in traces. 

iNow-a-days. \ anachum pentoxidc catalyst is preferred because it is much 

less sensitive to poisoning. Similarlv. traces of mercurv reduce the 

catalytic activity ol copper for the combination of cthvlene and hydrogen 
to form ethane. ' ^ , 
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, 

reactions are given below ■ . ciialvst in the formation of 

(.) dioxide -ed - - 

oxygen by heating potassium ^ combination of hydrogen 

(6) P/fl/mwm IS used as a ‘ 

and oxygen gases to form ^ cmalyst in the decomposition of 

(c) Colloidal 

hydrogen peroxide. catalysts in the imersion 

{d) Hydrogen ions (dilute atiu j 

of cane-sugar : 

C,,H.,On + HP ► ‘“gu,;o?o' fIucIo^c" 

""7 o “'“.-nn. some of the important industrial reactions 
svht^h "'il^'^esence of ^itiuci prucc. 

on asbestos (i>laliniscd asbestos) . 

2SO2 + ' Sulphur irioxidc 

N, + 3 H., 2NH3 

(c) Hydrogenation of oils to produce vanaspati ghee ts catalysed by 
finely divided nickel '■ 

Ni 


\c = C<' + H., 


Unsaturated compound 

(oil) 


\c- 

H 


-C 




\ 


H 


Saturated compound 
(fat) 


nitric oxide (used in the manufacture 

of n'tfrlcShcamryreS’by p/utmum )OsnsaUVs process ) : 


4 NO + fiHjO 


4NH3 4 - 5O2 , 1 u 

( 0 , Oxidation of hydrochloric acd gas .0 chlor.nc ,s catalysed by 
cupric chloride (Deacon s process) . 

4HCMO. — 2H.O + 2C12 
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(/) The cracking of kerosene oil is catalysed by certain silicates. 

3. Fermentation Reactions. Some reactions are catalysed by complex 
organic substances (known as enzymes) which are derived from living 
organisms. Such reactions are coWed fermentation reactions. Each enzyme 
can catalyse a specific reaction. For example, the enzyme diastase 
produced in the germinated barley seed converts starch into a sugar 
known as maltose : 

Diastase 

2(C»H,„05)„ + «H,0 — - bC„H8,0,i 

Starch Maltose 

Another enzyme called maltase converts maltose into glucose : 

Maltose 

+ HgO — > 2C0H12O6 

Maltose Glucose 

The enzyme known as zymase^ produced by living yeast cells, converts 
glucose into ethyl alcohol : 

Zymase 

CoH„0, — ► 2C,H50H + 2CO, 

Glucose Ethyl alcohol 

The enzymes get poisoned by c>'anides. 


I- Wh.it is meant by catalysis ? Give examples of this phenomenon, 
of •catalysis. Describe briefly at least one reaction catalysed by each 

3. Write notes on : 

Amo-eatatysis ; Negative catalysis. Promoters. Give examples. 

..-action, cal' 

5. What arc gen.'ral ehaiatseii-iies of catalytic reaction ? Discuss them fully. 

'he -sc or catalysts. Name 

7. DcM.iibe thv use of ...-i; sub'tances as catalysts ; 

(4) MansILS'";;;;!!. divided nk-kei 

8. Write short notes on anv t'vo of the following 
If) C.italvsis in irulii-,trv. 

(ii) Elcctro\alenev un.l e.ivaicney. 

(Hi) Elecir.)pf;iiing. 

t.'v) Industrial sortentni; of water. Uanww A Kashmir T.D.C. (/) 1967) 


CHAPTER VI 


SOLUTIONS 


Solution. A solution is defined as « hrmrgeneoNs ' [J", 

more) substances the component 

components of a solution are called 

which is present in larger proportion is . ,.„||.a the ^oluic- 

££j:;s« Sr 

liquids in solids (c.g., mercury m zinc) and (<) ° 

solids (e.g., brass) or solids in liquids (<'..e., sugar in ssatcr) 

Only the solutions of solids in liquids have been described in the 
present volume. 

The concentration “I “ ;°|“7„Vd,e“s'’o7ure1efllrre of 'thT loUuioi: 
number of grams or gram moles - molarity In volumetric 

in ,he latter -se the s.rength is referr^ 

:ftiu.rp“"iro"f ^ referred to as normality. 

Solutions of Solids in Liquids. 

irrespective of their relative proportions. 

“ or - = '= 

is Stirred. The solution is then said to bt saiuraicu 
contact with excess solute is said to he saturated. 

Super Saturated Solution. 

A solution whose concentration " cJ^sTair^^f ^locliiim 

called a supersaturated solution. On he g y 
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solubility 


thiosulphate, Na 2 S 203 , 5 H 20 , to about 60'’ in a clean vessel the crystals- 
appear to melt and the salt dissolves in its own water of crystallisation. 
The amount of sodium thiosulphate in this solution is far in excess of 
the amount present in a saturated solution obtained on adding the solid 
to water at the same temperature in the usual manner. If a crystal of 
sodium thiosulphate is added or if dust is introduced into the solution, 
the extra amount of the solute is seen to separate out immediately. 
This shows that a supersaturated solution is only a metastable system. 
Solubility. 

The amount of a solute dissolved in JOO gm of a solvent to form a 
saturated solution at a given temperature is defined as lAe solubility of 
the solute in that solvent at that temperature. 

Determination of Solubility. The solubility of a substance in a given 
solvent at a given temperature is determined as below : 

An excess of the solute is shaken with the solvent taken in a flask, 
placed in a thermostat maintained at the required temperature, so as to 
get a saturated solution. A suitable amount of the saturated solution is 
withdrawn quickly from the flask with the help of a pipette provided 
'' ^ cotton-wool or glass wool to check the sucking in of any 

solid^ The pipette is wanned in the thermostat before use in order to 
avoid any cooling and consequent deposition of the solid in the pipette. 

1 he solution is then transferred to a weighed dish which is re-weighed 
to record the weight of the solution taken. The latter is then gently 
evt7pi>ra/a/ to complete dryness and the dish is weighed again. From 

in the solution can be evaluated. The 
solubility is then calculated as below ; 

Let the weight of the solution - gm. 

Weight of the solute = u-, cm. 

Weight of solvent in the solution 

{ 111 — M-..) gm. 

H-o X I no 

cm. 


Soiiibilitv 


U-, — ir.. 


in water, are given iit 

T\niT. 61 

SoluMiitifs uf f ommon Sutistanccs in Water at 0''C 


Sulisiancc 


Solubility (gm. per 100 gni.) 


Sodium chloriik 
Ammonium ..lil.iridi: 
Ammoniiiin brcin'dc 
Potassium nittaic 
Aluminium Milph.itc 
Sodium e.irbcmaic 
Sodium bicarbonate 
Sodium niiraie 
Potassium chlor.iio 


~S-7 
24-4 
680 
13-3 
31-3 
21-5 
6-9 
73 0 
3-3 


SOLUTIONS 


43 


The sCuhhhy . so^ ,n s^en. ^vanes J^PP-'ah^, 

Sreral v snerkinr the higher the temperature, the greater is the 

- some 

co„r Juuc co,£^m^ r “ U 

in tcmperaiurc, luc iii>- mh ri A1 rSO )•,)! whi o in bomc 

nwch more U.an The solubilities 

S^Jerv 'few^uStances decrease with rise in temperature. The examples 
a[e finiUed by calcium sulphate, calcium hydroxide, sodium sulphate 

(anhydrous) and cerium sulphate. 

100*1 7 7~7 'i 


4^ 


A 





TEMPtRAfORt 

Fig. 6.1. Solubility curve, or a.ITcron, soluKs. 

.. .• Ins one other peculiarity. 

The solubility curve of sodium sulplwic^h^.^^^^^^^^ 


The solubility first increases with rise 
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FRACTIONAL CRYSTALLISATION 


decreases thereafter. Actually, the first part of the curve represents the 
solubility of sodium sulphate decahydrate Na2SO4.10H2O, the 
solubility of which increases with temperature. The latter part repre- 
sents the solubility curve of sodium sulphate anhydrous, Na2S04, the 
solubility of which decreases with rise in temperature. The temperature 
at which the two parts of the curve meet, /.c., 32 3 ‘’, gives the transi- 
tion temperature between the decahydrate and the anhydrous sodium 
sulphate, i.e., 

32 * 3 ® 

NasSOj.lOHoO NagSO^ -h lOHoO 

In accordance with Le Chatelier principle, those substances which 
absorb heat (i.e., produce cooling) on dissolution are more soluble at 
higher temperatures while those substances which evolve heat on 
dissolution are less soluble at higher temperatures. 

Fractional Crystallisation. 

The fact that different substances are soluble in water (or any other 
solvent) to different extents and that the variation of temperature 
influences their respective solubilities in various ways, is made use of in 
separating different solutes from one another. The mixture of two or 
more solutes is dissolved in a suitable solvent at a suitable temperature. 
On gradual cooling, the solution becomes saturated with respect to the 
least soluble solute first and this begins to separate out. On further 
conlinued cooling, the other solutes also separate out in the order of 
their decreaing solubility. This process is known as fractional crystalli- 
zation and is widely used for ihc preparation and purification of 
many substances. Actually, the operation has to be repeated a number 
of times and involves a number of stages. 

Ql'ESTIONS 


• • Explain ilic terms solution. satiir.iicJ solution and super-saturated solution. 
Oivc examples. 

•u uV' ** 'r ? I low would you proceed to determine 

Jne solubility of a salt in water ai tliv room temperature ? 

T Kxplain the term solubilit'’. How d i.s ih; solubility vary with temperature ? 

t Explain the principle oi ii u'lor il ervsialli<;uion for the separation of two 
solutes from a solution. 



CHAPTER VII 


OXIDATION AND REDUCTION 


Oxidarion, in a narrow sense, is defined as a reaction in which a 
substance combines with oxygen. The substance combining with oxygen 
is said to be o.v/J/W while the substance that supplies the o.xygcn is 
Ynown diS Sin oxidising agent. For example, when carbon burns in air 
to form carbon dioxide. 


C + O 2 



carbon is said to be oxidised and o.xygen of the air is said to be the 
oxidising agent. 


Similarly, reduction, in a narrow sense, is defined as a reaction in 
which oxygen is removed from a compound. The compound is said 
to be ret/wm/ and the substance removing the oxygen is termed as the 
reducing agent. Thus, in the reaction, 

Fe^Oj + 3H. — ► 2Fe + 3H,0 

ferric oxide is said to be reduced and hydrogen acts as the reducing 


agent. 

Oxidation in a broader sense, is defined as a reaction which invohes 

U) Addition of oxygen or {ii) that vj any non-meud element {other than 

hydrogen) or (Hi) removal of hydrogen or (tv) that oj any metal or 
(v) increase of valency oj a metal. 

A substance nhich can bring about an oxidation reaction is knom, as 

an oxidising agent. 

Reduction, in a broader sense, is just the revnsc of the above 
processes. Thus, reduction involves (/ ,c/«™/ ,,/ (n 

,hal of any non-metal element (other than Imirngen) or (m) a, hht am ol 
hydrogen or (;V) that of any metal or fr) decrease of valency o! a metal. 

A substance which can bring about reduction is known as a rcducina 
agent. 
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examples of oxidation 

^ ^ •A 4* An A fpw exainolcs of oxidfltioD rcflctions 
brougrato“t by x.sing different oxidisig agents are given below : 

(i) With oxygen. By combustion of certarn elements m air . 

s 4. O2 — ► SO2 

2Mg + Oa ► 2MgO 

or by absorption of atmospheric oxygen . 

2HNO. + O2 — 2HNO3 

.J=,. -SlS: 

"j.. -I "W" , , 

(/,) With chlorine. Chlorine combines with a number of metas 

when they are hot. , 

2Fe + 3C!> — 2FeCl3 

2Sb -F 3CI2 — 2SbCl3 

In tliese reactions a non-metal element (chlorine) is 
iron and antimony are said to be oxidised to ferric ch 
antimony chloride respectively. 

(m) With nitric acid Nitric acid oxidises many metals to 
and itself nets reduced to lower oxides of nitrogen or ammonnm nitrat 

depending upon the nature of the metal and the concentration ot tne 
acid. 

2HNO3 (cone.) — » 2N02 + H.O + O 
Cu - O — ► CuO 

CuO -F 2KNO;( — ► Cu(N 03) 2 + H gO 

Cii -t- 4HNO3 — ^ Cu(Nd3jg + 2NO2 + 2H30^ 

2NO + HgO -F 30 
CuO ]X3 
Cu(N03)2 -F HjO ] X 3 


2HN{)j idiliuc) 
Cu “t' O 
CuO -F 2 MNO 3 


3Cu “ 

/„ -- 2HNO, 

l\C(J JMuK'l 

- M-1 
Nil - HNO, 
TZn r IUHMJ3 


3Cu(N03)2 2NO + 4 H 2 O 


Zn(N03).3 + 2H 

NH 3 + 3HoO 
NHjNOa 


]x4 


?.HNOj (cone.) 
Sn 20 
SnO. 4- H .0 


4Zn(N03)., 4- NHiNOg + 3HaQ 

2 NO 3 + HuO + O ]X2 
SnO. 

HjSnOa 


Ml 4HN()i 


H.SnO, “ 4 NO. + HaO 
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(/V) With a dioxide. Maganese dioxide is a good oxidising agent : 

MnOj 'I 4HC1 — ► MnCU -i- 2 H 2 O CL 

Hydrochloric acid is said to be oxidised to chlorine. This is a case of 

removal of hydrogen. 

(v) With a peroxide. Hydrogen peroxide is a good oxidising agent. 
Thus, it oxidises potassium iodide to iodine. 

2KI -1- HoOa — ^ 2KOH -f- L 
This is a case of removal of a metal. 

Hydrogen peroxide also oxidises lead sulphide to lead sulphate. 

PbS -t- 4 H 2 O 3 — ► PbSOj -h 4H.,0 

(/V) With acidified solutions of potassium permanganate and potassium 
dichromate. Potassium permanganate and potassium dichromaie in acid 
solutions act as strong oxidising agents. In the presence ol ^ulpluiric 
acid the reactions are represented as : 

IKMnO, + 3 H.,S 04 — ^ K.SO^ + 2MnSO, + 3H.,0 ~ 5(0) 
K.CraO, 4- 4 HiS 04 — K^SOj -f Cr:;(SO,)j -r 4H,0 ~ 3(0) 

If a reducing agent capable of taking up 
above reactions proceed more and more towards the r.gh . Thu., il 
ferrous sulphate is present, it is readily oxidised to Icrric sulphate. 

2FeS04 + H,S04 -i- (O) — Fe,(SO ,)3 T H,0 

Similarly, ferrous chloride in the presence of hydrochloric acid is 
oxidised to ferric chloride. 

2FeCl2 + 2HCI + (O) — ► 2 FCCI 3 + H.O 

Stannous chloride is oxidised to stannic chloride. 

SnPl 4- 2HCI 4- (O) — *• SnCl 4 4- H.O 

In these reactions, there is increase in the valency of metals (iron and 

''"Examples of Reduction. A few examples of reduction brought about 

by using different reducing agents arc given below . 

(h With hvdrogen Hydrogen gas is a poor reducing agent because 
(/) y considerable amount ot energy is 

Its molecule IS high y Atomic hydrogen is, however, highly 

;S[:e ‘"u ca'^be 'pr'c"pa^Tby pulsing .an .Electric discharge of a h,gb 

potential through hydrogen gas at reduced pressure. 

Atomic hydrogen reduces sulphur to hydrogen sulplnde, o.xygen to 

hydrogen peroxide, antimony to its hydride, 

S 4- 2H — *■ HjS 
O, 4- 2H — ^ HaOu 
Sb 4- 3H — *- SbHa 

and so on. Each reaction involves addition of hydrogen. 

r;,l With metals. Certain metals, like aluminium, arc good reducing 
, This Ton account of the readiness with which they can take 
uroxygeJ r. high Tm^cratures. Aluminium, for instance, takes up 
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EXAMPLES OF REDUCTION 


oxygen readily from ferric oxide on heating. 

Fe^Oo + 2A1 — ► AI ,03 + 2Fe 

A considerable amount of heat is evolved in f action whmh is used 

in the thermite welding of steel. Zinc reduces phenol to benzene. 

CflHsOH + Zn — ► CsHe + ZnO 

Each of the above reactions involves removal of oxygen. 

(Hi) With carbon. Amongst the non-metals, 
reducing agent and is used in metallurgical processes. For example, zinc 

oxide is reduced by coke when heated in closed retorts. 

ZnO + C — ► Zn + CO 

This reaction also involves removal of oxygen. 

(iv) With ammonia. Ammonia, on account of its hydrogen, acts as 
a reducing agent in certain reactions. 

2NHi + 3CuO — ► Ni 4* SHaO + 3Cu 
NH, + 3Ci2 — ► NCU + 3HCI 

The first reaction involves removal of oxygen from copper oxide 
while the second involves the addition of hydrogen to chlorine. 

(r) With iiydrogcn sulphide. Hydrogen sulphide also, on account of 
its hydrogen, acts as a reducing agent. For example, it reduces feme 
salts to ferrous state. 

M^S — ► 2FeCla -h 2HCI + S 

Thi^ i'. a c ov ..f remov.il of a non-metal element (chlorine from 
chlondc). Vi!. reaction iiho uuoive^ decrease in the valency of a metal 

(iron I. 

I w ) With siiln'ia * (tiosicle. Sulphur dioxide has a tendency to take 

up ov,g:n f - iT.’i -a u’.-.a. iriox.de. Therefore, it tends to remove oxygen 

whcicvcf po-.5.iblc 

SO, - 1 - Jli ,0 + Cl., ► H,S04 + 2HCI 

Sulphur dio-.iJc can also reduce ferric salts to ferrous state and' 
stannic salt-, to st.-nnous state. 

2F.C1, -F :T!.,0 : SO, ► 2FeCla + 2HCI + H 2 SO 4 

SnCl, -r 2H,0 - SO, — ► SnCl, -r 2HC1 + H,SO* 

('nticunencc of Oxidation and Reduction. In all the reactions 
considered ;ibo\c. it will be seen that oxidation and reduction proceed 
concuiiciuly. i.r.. bide by side. For example, in the reaction of lead 

siilplude and ii\drogen peroxide, while the former is oxidised to lend 

sulpitatc. the latter ib reduced to water. Similarly, in the reaction 
between ferric oxide and aluminium, while the former is reduced to 
iron, the latter is oxidised to aluminium oxide. 
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Modern Concepts. . , , . 

Oxidation and reduction are now used in much' wider and more 
^ 1 Two different method^ of intcrpretina such reactions 

general sense. Ont' of these is based on electronic interpretation 

... .... .. ... 

scope of the present volume. ^ ^ . i. 

The Electronic Interpretation of Oxidation -Reduct, on Process s. 

According to electronic interpretation, oxidation is dchiKd in a 


Na 
Zn 
Cu 
Fe 
Fe^-*- 
Sn++ 
2Cl- 
21 - 


Na+ 

Zii++ 

Cu++ 

Fe^+ 


+ c 
+ 2e- 
+ 2e" 
4- 2e- 


Fe+^+ + e 
Sn++++ + 2e- 
CU + 2e- 
U + 2e" 


In the first four exantples, — erc'^^^sft.vT^co^ndro^^’^'l’^^^ 

to change into positive ( ? carrying two positive charges loses 

fifth case the f into’ a higher electropositive condition 

one more electron and nositive charges. In the last two 

sylt:t^'’i,fs"hargTr^^^^^^ electropositive (or less electronegative) 

State by the loss of electrons. r « 

The equations like the above, in which electrons are produce4 are 

known as oxidation half-reactions. 

.. .Up. electronic concept, is defined broadly 

Reduction, according t system changes into less electropositive 

as a reaction in M, electrons. Consider the 

{or more electronegative) State, by tne gam uj 

following equations : 


CI2 + 
S + 
O. + 

Fe++-*- + 
Fe-^-^ -F 
Sn+^-^ + 
Sn++ + 


2e- 

2e- 

4c- 

6“ 

2c" 

2c- 

2e" 


2cr 

S-- 
20 - - 
Fe'^^ 
Fe 
Sn++ 

Sn 
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MODERN CONCEPTS 


In the first three examples, neutral atoms or molecules take up elec- 
trons to change into negative ions while in the last examples, i^sitive 
ions gain electrons to change into either less positively charged ions or 
neutral atoms. 

Such equations as the above, in which electrons are accepted, are 
known as reduction half reactions. 

Oxidation-Reduction. oxidation is always accompanied by an equi- 
valent amount of reduction. This is because the electrons, lost in an 
oxidation system, must be accepted by a system undergoing reduction. 
Therefore, an oxidation-reduction reaction can take place by combina- 
tion of an oxidation half-reaction with a reduction half-ieaction. 

Consider, for example, the reaction between sodium (solid) and 
chlorine (gas) resulting in the formation of sodium chloride (solid). 
The complete reaction is represented by the equation : 

2Na (s) + CU (g) — ► 2 NaCI (s) 

The half reactions are ; 

2Na — ► 2Na+ -f 2e" (oxidation half-reaction) 
CU + 2e“ — ► 2C1* (reduction half-reaction) 

Adding the two : 

2Na (s) + CU (g) — .. 2Na+Ch (s) 

The number of electrons lost by sodium is equal to the number of 
electrons gained by chlorine. Sodium chloride actually consists of 
Na+ and Cl* ions in the crystal. 

In the above reaction, sodium is said to be oxidised to Na+. This 
has been brought about by the taking up of the electrons by chlorine. 
Therefore, chlorine acts as an oxidising agent. 

An oxidising agent is a snhstanccyiiich can take up electrons. 

It is also evident that chlorine, in the above reaction, is reduced to 
chloride ion (CT). This has been possible by the furnishing of electrons 
by sodium. Titus, sodium is a reducing agent. 


A reducing agent is a substance which furnishes electrons. 

To sum up : 

Oxidation is a process (reaction) in which one or more electrons ar4 
furnished. 

Reduction is a j)rocc.ss (reaction) in which electrons are accepted. 
Oxidising agent is a substance which can accept electrons. 

Reducing agent is a substance ii7j/t,7i can furnish electrons. 

In the various equations given above Na, 2n, Cu, Fe. Fe++, Sn++, 
C1-, S- are reducing agents while Cl S, Oo, Fe--^, Sn^% etc., 
are oxidising agents. ' 
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Classification of oxides 

r r;:" 

acidic reactions and are a^ydrkUs. The 

To" .d" sulphur d.ox.de, sulphur trioxidc, nitrogen 

pentoxide, phosphoric pentoxide, etc. 

CO2 + H.O — ^ 

SO, + HnO — »• 

SOs + H^O — - 

N.Os ^ H,0 — 2HNO3 

■ ^ 6H.O - 4HPO4 

* If. oive a mixture of two acids when allowed 

Some of the acidic oxide, give , ^ „f n,„ous 

»= -= a ‘ , , 

They form mixtures of two salts when allowed to react with alUlies, 

.NO, + 2NaOH — NaNO, + NaNO, + H,0 

2. Basic Oxides. The oxides ''’^nre‘;■a;e" 

I'lteMheVgiveTkahnt "options and are themselves known also as 

alkalies. For exarn^e,^ 

BaO + H2O — ► Ba(OH)2 

Basic oxides react with acids forming salt and water e.g., 

CaO + 2HC1 — CaCI, + H,0 

3. Neutral Oxides. .These oxides do not s,„ tende..y .0 
form salts when treated with acids or bases. 

monoxide and nitrous ^ which behave 

4. Amphoteric Oxides. There a ^ conditions. Thus, 

as acids and treated with concentrated 

:rd«" nras r.ts^^ oxide when treated with hydrochloric 

ZnO+2NaOH 

ZnO + 2HC1 — ^ ZnCl^ + H,0 . 

^ . oxides which form 

BaO^ + ^ ^ 
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equivalent weights of oxidising agents 

There are certain higher oxides which on treatment with sulphuric 
acid yield oxygen and on treatment with hydrochloric acid yield chlorine. 

These are termed as dioxides (or polyoxides). • 

2Pb02 + 2HoSOi — ► 2 PbS 04 + 2 H 2 O -P Oj 

PbO. + 4HC1 — ► PbCla + 2HoO -f CI2 

6 Compound Oxides. Some of the oxides behave as if they are 
compounds of two oxides. For example, ferroso-ferric oxide, Fea04, 
behaves as a compound of FeO(ferroiis oxide) and FegOa (ferric oxide), 
as on treatment with an acid it gives a mixture of ferrous and feme 

salts. 

FCaO^ + 8HC1 — ► FeCh -j- 2FeCl3 + 4H2O 

Similarly, red lead, Pb304, behaves as a compound of 2PbO and PbOj. 
On treatment with nitric acid it forms lead nitrate and lead dioxide is 

deposited. 

PbjOj + 4HNO3 — «• 2Pb(N03)2 + PbOa i 2 HsO 

Equivalent Weights of Oxidising Agents. The equivalent weight of an 
oxidising agent is that weight of it which takes up one electron. In other 
words, the equivalent weight of an oxidising ion (or compound) is given 
by the ion weight (the molecular weight) of the substance divided by the 
number of electrons gained by it per ion (or molecule). 

Thus, the equivalent weight of ferric ion which can gain one electron 
to change to ferrous ion 

Fe++*- + e“ — ► Fe+^ 

is the same as its ion weight, viz., 56 gms. Accordingly, the equivalent 
weight of ferric chloride is the same as its molecular weight. 

Stannic ion can gain two electrons in its reduction. 

Sn++-’ F 2e- — ► Sn-*^ 

Hence, the equivalent weight is half the weight of the ion. 

Accordingly, the equivalent weight of stannic chloride is equal to 
half of its molecular weight. 

The permanganate ion in acid solution can gain five electrons in its 
reaction as discussed below : 

Mn04- 4- 8H+ + 5 e- — ► Mn++ + 4H2O 

Therefore, the equivalent weight is one fifth of the weight of the ion, 
that is, 119-5 = 23-8 gms. 

Accordingly, the equivalent weight of any permanganate is equal to 
one fifth of its molecular weight. Thus, the equivalent weight of 
potassium permanganate is 31*6 gms. 

The oxidation reactions of dichromate ion in acid solution proceed 
with the gain of six electrons. 

CfsOj -I- I4H+ + 6 (e)~ 


2Cr+++ + 7H3O 
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Hence, the equivalent weight of the dichrontate ton ts one sl.u,. of 

the gram ion weight, 216 .-6 - 36 0 gm • 49 0 oms 

The equivalent weight of potassium dichromate ts 294 . - o 

Equivalent Weigh, of Keducing Agent. ^ On 

as above, the ‘’I,;, Je elecro,,. In other words, 

defined as Ihal n'eigh 4 :t """J compound) is given by the 

the equivalent weight f “ J'-X' ^divided by the number of eleclrons 
ion weight (or molecular weight) „,igh, of ferrous lon 

lost per ion (or molecule). ’ u ^use it lo^es only one electron 

(Fe-n is the same as the of stannous ion (Sn-) -s 

rq^Ho'?he fon' weichrdiifded by 2 because it loses two electrons to 

§ — > S -J- 2(c ) 

because its oxidation takes place as 

^ 2(COO) + 2(e') 

COO- 

3S£'.SS : 

i. .2^sr“.”£ “• ° ““““ 

proceed as ; ” ' + H,0 ► SOr " + 2H^ + 2(c ) 


2S.,03- ' 


S^Oa" “ + 2(c-) 


questions 


< 

\ 


5' 




, Define Oxidation and Redue.ion as undcrslood al the present im, 

t'“^,r:r:d!:i:^::d Kdne.. asenls , Name four oxidising and four 
reducing agents. Give one reaction o cac . following oxidising agents: 

Give oxidation reactions broug ta Acidified ipotassium 

(I) Chlorine (2) Hydrogen peroxide (3) Nunc 

perm^ ng^n&tc. . thr* foUowinR inducing ugcnlsi 

4. Give redacin, reactions brou,mab^u. b the 

(1) Hydrogen (2) Aluminium (3) Carbon t ) 

... --rSi'ir— “ 

nterpreted on the basis of transference of ions. Give p 
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QUESTIONS 


6. What do you understand by equivalent weights of oxidising and redudng 
agents ? Give examples. 

7. How will you determine the equivalent weights of the following : 

(1) Potassium permanganate (2) Potassium dIchromate (3) Feme 
chloride. 

8. Define equivalent weight of a reducing agent. How will you determine the 
equivalent weights of the following reducing agents : 

(1) Oxalic acid (2) Sodium sulphide (3) Sodium sulphite (4) Sodium 
thiosulphate. 

9. What tests would you apply to a given substance to show whether it is an 
oxidising or a reducing agent ? Classify the following substances into oxidising ana 
reducing agents, giving examples of their behaviour : 

HNO3, HoS, SnCb and CU 

10. Explain the significance of the terms : Oxidation and Reduction. Name three 
oxidising and three reducing agents as used in inorganic chemistry. With the help ot 
equations and an e.xamplc in each case, explain the action of each. 

11. Explain \sith illustrative examples the terms oxidation and reduction. How 
many types of oxides arc there ? What types of oxides are the following : 

Barium peroxide, Water, Lead tetro.vidc. Carbon dioxide. ^ irtc-n 
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CHAPTER VIII 


problems based on chemical equations 


12 + 32 
= 44 


•*. w<»li-known represents not only the lof" 

A chemical equation, as IS we \eac,anis ami products oj a 

mulae but also the reaction between calc.urn 

chemical reaciicn. For example, l calcium chloride, water and 

^ CO. 

«ion ='^ 

Evidently. 7^ cm of hydrochloric acid to 

100 gm. of calcium carbonate requir gn^ cm. (or 

reactants, and vice versa. i„ Chemical Equations. 

obtained by complete decomposmen of 5 5 gm. J 

IK=39. a=sy5,0 = 16\. 

The reaction involved is 

2 ICCIO 3 — ^ ^ryov 5-51 (3x321 

2^39+35-5 + 48] -96 

245 gm. of potassium chlorate yield on ^^‘^‘’"^^”f'p”jassium chlorider 

,. 5-5 gm. of potassium chlorate will yield 

= W 

= 3-345 gm. of potassium chloride 
(6) 245 gm. of potassium chlorate yicld-96 gm. of oxygen 
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Weight of oxygen obtained by complete decomposition of S'S gm. 

96 

of potassium chlorate = x 5*5 

= 2 155 gm. 

^ ^ ff h'drodthric add contains 20 per cent by weight of 
ML /, the remaining being water, what weight of this acid will be required 
Jor reacting completely with 50 gm. of calcium carbonate ? 

The reaction involved is 

= 100 -73 

100 gm. of CaCOa require for complete reaction 

= 73 gm. of HCl (100% pure) 


50 gni. of CaCOa u'ill require = 


73 


X 50 gm. of HCl 


100 
= 36*5 gm. 

Since the gi\en acid is only 20",, pure, therefore, the weight of this acid 

100 

required = -:^X36-5 
= 182'5 gm. 

?; ic^lond spar {CaCO^) was added to 7-5 gm of 

Calculate the percentage 

The reaction involved is 


CaCf) 


.1 




40 • 12. -IS 
~ lOl) 


2HC! 

: I f35-5' 
= 7i 


CaCU + HgO + COo 


Wt. of iceland spar (CaCO,) taken = 5-0 gm. 

Wt. o( hydrochloric acid taken = 7-5 gm. 

Wt. ol CaCO, left timi,-.cd 050 gm. 

■■■ Wt. ofCaC(3, reacted = 5-0-0-5 = 45 gm. 

According to the above equation, 

I (to gm. of CaCO^ = 73 gm. of HCl 
4-5 gm, Ci.CO, = X4-5 = 3-285 gm. of HCl 

In other w.mJs, 7,50 gm. of d, line hydrochloric acid contained only 

„ 3-285 gm. of HCl 

Hence, pcrceniape ^!rength of hydrochloric acid 

3-2S5 

= Vsir''- " 43-80 gni. 
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Example 4. One gram of a silver ore ^vas dissolved in nitric acid and 
silver chloride weighed 0’7880gm. Calculate the percentage oj silxer in 

the ore. {Ag=108 ; Cl=35'46). 

The reaction involved is 

AgNO, + NaCl — AgCl + NaNOj 

[108+14+48] [108+35-46] 

as 170 =» 143-46 

According to the above equation, 

143-46 gm. AgCl = 170 gm. of AgNOj 

0-7880 gm. of AgCl = X 0 7880 gm. of AgNO, 

= 0-9338 gm. 

In other words, 0-9338 gm. of silver nitrate was present in the nitric 

acid solution of the ore. 

Since I gm. molecule of AgNOs = 1 gm. atom of Ag 

r.e., I70gm. AgN 03 = I08gm. ofAg 

Wt. of Ag corresponding to 0-9338 gm. of silver nitrate 

= -|^x 0-9338 gm. 


= 0-5932 gm. 

And this weight of Ag (/.e., 0-5932 gm.) IS 
ore. Therefore, the percentage of Ag m the ore = 0 5 V 3 ZX luu 

= 59-32 


Examples. O' 5 gm . of a mixture of KCI and 
and precipitated with silver nitrate gave 0 809 gm. oj silver chlori 
silver iodide. Calculate the percentage oj Kl in the mixture. 

(K =39, Cl = 35-5, / = 127, /fg=l08). 


The reactions involved arc 
KCI + AgNOa 

[39+35] 

=74 

KI + AgNOa 

[39+127] 

= 166 


AgCl + KNO 3 

[108 + 35-5] 

= 143-5 

Agl 4 - KNO 3 
[108+ 127] 

=235 


Let the weight of KCI in the mixture be - x gm. 

The weight of KI in the mixture = (0-5— x) gm. 


Now, according to equation (/), 

74-5 gm. of KCI yield 143-5 gm. of AgCl 


X gm. of KCI will yield X X gm. of AgCl 


« • 
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and according to equation (//), 

166 gm. of KI yield 235 gm. of Agl 

(0 5 — x) gm. of KI will yield -r-zT ^ (^*5 — Jc) gm. of Agl — (iV) 

loo 

Hence, the total wt. of AgCl and Agl obtained must be equal to the 

]dV^ 7*?^ 

sum of (m) and (/V) = x + x (0-5— x) gm. 

But actually the wt. of AgCl and Agl obtained = 0‘809 gm. 

1435 235 

'1^ A' + X m-x) = 0-809 

or ;c := 0*2 

Wt. of KI in the mixture = {0'5 — .v) = (0’5 — 0*2) == 0'3 

0-3 


Percentage of K I 


0-5 

= 60 0 


X 100 


Examples. J'84 gm. of a mixture of CaCO^ and MgCO^ is strongly 
heated till no further loss in weight takes place* The residue weighs 0'9& 
gm. Find the percentage composition of the mixture. 

The reactions involved are 


CaCOj 
[40+12+ 481 
•-=100 

MgCO, 

[24+12+48] 

S4 


CaO -I- CO 2 
[40 f 16j 
^56 

MgO H- CO2 

{24--I6] 

=^40 


...(/> 


...(»> 


Let the wt. of CaCO;j in the mixture = x gm. 

Wt. of MgCOa in mixture = (r84 — x) gm 

According to equation (/), 

100 gm. of CaCOj leave a residue = 56 gm. 

• • -X" gm. of CaCO;; will leave a residue= X .v gm, 

and according to equation (//) 

84 gm. of MgCOj leave a residue = 40 gm. 

. • (1 84 - .v) gm. ot MgC 03 will leave a residue 


40 

= ^ (1-84— v) gm 


Therefore, the total wt. of residue left 


56 40 

ToT ^ ^ + sT e™- 
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— x + ^(1-84-.x)=0-96 

100 84 ^ 


% age of CaCOa 


X 100 


x=l0 

■ ■ 

or Wt. ofCaCOa in the mixture =1*0 gm- 

= il® 

1-84 
= 54 35 

a-nd % age of MgCOs = 

. II. Problems based on Weight-Volume relations in 

Example?. What <veighl 'l '' the volume of 

pletely dissolve 3 gm. of magnesium carbonate T Calculate 

carbon dioxide evolved at N.T.P. 

The reaction involved is 

MgCOa + H2SO4 MgSOi + 22 4,iirc.atN.T.P. 

[24+12 + 48] [2+ 32+ 641 

=84 =98 

According to this equation, r u cn 

84 gm. of MgC03 require = 98 gm. of H^SO, 

98 

3 gm. of MgCOg will require = ^ X 3 gin. 

= 3'5 gm. of H.iS04 

Further, 

According to the above equation. 

84 gm. of MgCO, on complete reaction with acd, evolve 22 
of carbon dioxide at N*T*P . 

22*4 

3 gm. of MgCOa will evolve = -^4 ' X 3 

= 0-8 litres 

= 800 c.c. of CO-2 at N.T.P. 
a- nt I7^C and 760 mm. pressure 

Example 8. What volume of “ 85% purity ? 

would be obtained by healing WO gm. oj KUUs J 


The reaction involved is 

2KCIO3 

2l39 + 35 5+48] 

=245 


2KC1 + 30-2 

3 ti21A Hires 

at N.T.P. 


T • ■ KCIO is 85% pure, therefore. 100 gm. of the impure 

It IS given that KCIU3 is oj /o p 

sample will contain 85 gm. of KCIO3. 


t60 


WEIGHT-VOLUME RELATIONS 


According to the above equation, 

245 gm. of KCiOa evolve = 3x22*4 litres of oxygen at N.T.P. 

85 gm. of KCIO 3 evolve = ^ x 85 litres of oxygen at N.T.P. 


= 23*31 litres at N.T.P* 

As the experiment is performed at 17'C and 760 mm. pressure, the 
above volume must be reduced to 17’C and 760 mm. pressure by the 
application of the gas equation : 


'.where 


PiVi _ PnVn 

Ti Tn 

Vn 23*31 litres 

Pn ■= 760 m.m. 

Tn = lirh 


Vx = ? 

Pi = 760 mm. 

Ti = 273-}-17=290"A 


Substituting these values in the gas equation, we have 

V,x760 _ 23*31x760 
290' ‘ '273 


or 


Vi = 24 76 litres 


Exampjc 9. (}-5 g//;. of impure zinc on treatment with dilute hydro^ 

•chloric acid gnre 160 c.c. of miist hydrogen at 16'^C and 755 mni. 
pressure. Calculate the percentage of zinc in the above sample. {Zn ^65'4; 
Aif. tension at 16 C=J3'53 mm.) 

The reaction involved is 

Zn + 2HCi — ZnCIa + Hz 

22*4 litres at N T.P. 

According to the above equation. 


65*4 gm. of zinc evolve 2:*4 htres of hydrogen at N.T.P. 

Now the volume ol moist hvdroccn evolved at 16°C and 755 mm, 
pressure is 160 c.c. '' ' 


\olunieotdry hydrogen at N.T.P. is calculated by ntakinguseof 
gas equation 




PiV, 

_ PnVn 


T, 

Tn 


1 60 c.c. 


11 

7. 

> 

755-13*53 


Pn 760 mm. 

74 1 *47 mm. 



373-16 -2S9'A 


Tn = 273“A 


160x741-37 _ 760 xVn 

273 

_ 160x741*47x273 
289x760 
147*4 c.c. 


or 


289 
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Now 22'4 litres of hydrogen are evolved Ironi 65'4 gm. of zinc 


65 4 


X 147-4 


147-4 c.e. of hydrogen will be evolved from -- 22,400 

- 0-4304 cm. of Zn 

— 0-5 cm. 


Wt. of impure zinc taken 

Percentage of pure zinc in tlie bample 


0-4304 


0 5000 
86 08 


X 1 00 


Example 10. A nattnaUy orru/r/n,? mine al t-iorJ ; ('> 

42 °^ MeCO-Aii) 55'\. CaCO:i ami the rest impuniy Hfiaivuham 
of'eofmea^ a) 15X' ami 745 mm pressure .w// />c evolreJ hy 
healing 10 gm. of the mineral n;//; hydroehlotu ami. 

The reactions involved are 
MgCO;i + 2HCI 


[24 + 12-4-48] 

«84 

CaCOa + 2HC1 

[40+12 + 48] 

= 10U 


McCI-. + H.O + CO. ...(//)• 

' ■ 22-4 litres 

at N.T.F*. 

CaCI^ + H.O +CO0 ...(//). 

22-4 litres 


at N.T.P. 

= 10 gm. 
= 4-2 gm. 
= 5-5 gm. 


Since the weight of the mineral taken 

Wt. of MgCOa in 10 gm. of the mineral 

Wt. of CaCOa in 10 gm. of the mineral 

The impurity is not affected by the acid. 

According to equation (/)» 

84 gm. or MgCO, liberate 22-4 litres of CO, at N.T.P. 

4'2 gm. of MgCOa will liberate x4-2 litres of C O, at N.T.P 

= 1*12 litres of CO, at N.T.P. 

Again, according to equation (//), 

100 gm. of CaCO, liberate 22 4 litres of CO, at N.T.P. 


22-4 


X 5*5 litres of CO, at N.T.P. 


.*. 5*5gm. of CaCOa will liberate 

= 1-232 litres of CO, at N.T.P. 

Total volume of CO, liberated from 10 gm. of the mineral 

= I-I2 + 1*232 

c= 2*352 litres at N.T.P. 

Since the experiment is performed at 15'C and 745 mm. pressure, the 

above voluL has to be reduced to requited conditions by .npply.ng the 
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gas equation. 


SiYi _ JPnVn 
T, Tn 


Vx = ? 

Pj = 745 mm. 

Ti = 273 -i- 15 = 288 

Thus, we have 



ViX745 


2 352x760 


288 


Vx = 


273 

2-352x760 


745 

= 2 531 litres. 


Vn = 2’352 litres 
Pn = 760 nun. 
Tn = 273“ A 


288 
^ 273 


lixainple 11. Assuming that air contains 23% by wt, of oxygen, find 
out the volume of air at 27^C and 750 mm. pressure that )vould be required 
for the complete combustion of 1 kgm. of coal containing 90% carbon and 

hydrogen {Density oj air= 14 4) 

The equations involved are 

C + O. 

12 32 

2H, + O, 

4 32 

1 kgm. of coal contains 900 gm. of carbon and 50 gm. of hydrogen. 

(•.' ‘.’oages of carbon and hydrogen in the coal are 90 and 5 
respectively) 

According to equation (/), 

\Vt. of oxvgen required for combustion of 900 gm. of carbon 
=^- ‘j-^x 900=2400 gm., and according to the equation (//), 

I M 



• C 1 ^ N ^ ^ n required for combustion of 50 gm. of hydrogen 

.=.^^x50=400 gm. 

Total \vt. of owGen required = 2400+400 

=2800 gm. 

Since air contains 23^o by weight of oxygen, 

Wi. of air couiaining 2800 gm. of o.xygen 

-4^X2800 gm. 

= 12170 gms. 

No.v it is known that I litre of hydrogen at N.T.P. weighs 0*09 gm. 
and it is gi\en that th j dennty of air is 14*4. 

\Vt. of I litre of air at N.T.P. = 14-4 x0*09 

= I '296 gm. 


% • 
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* a 


Volume of air at N.T.P. weighing 1 21 70 gm. 

= 12170 litre 

= 9390 43 litres. 

This volume when reduced to experimental conditions of temperature 
and pressure will be 

9390-43 X 760 300 

= 273 750 

= 10456-73 litres 

ni. Problems based on Volume relations in Chemical Equations. 

Example 12. Calculate the volume of oxygen at 27^C ^50 mm. 

pressure required for complete combustion of 20 c.c. oj ethylene (C,//,). 

The reaction involved is 

CaH, + ► 2 CO 2 -h 2H.,0 

1 mol. 3 mol. 

By converse of Avogadro’s hypothesis, viz., equal number 
all gases will be contained in equal volumes under simi ar 
temperature and’pressure, we have 

1 vol. of ethylene requires 3 vols. of oxygen at N.T.P. 

200 c.c. of ethylene requires 600 c.c. of oxygen at N.T.P. 

Now reducing this volume to required conditions by the gas equation 

PiVi _ Pn Vn_ 

Ti Tn 

Y _ Vpg = 600 C-C. 

= 750 mm. Pn = ™ 

Tj = 273 + 27 = 300'’ A Tn - 2/J a. 

V - X 


'j'.. 


r. 


273 
= 66-83 c.c. 


750 


of oxygen for complete combustion. 
The reactions involved are 


2CO 
2 mol. 
2 vol. 


+ O2 
I mol. 
1 vol 


CO2 


col + 2H..O 


CH4 + 2O2 

1 mol. 2 mol. 

1vol. 2 vol. 

Let 10-5 c.c. of the mixture contain x c.c. of methane. 
Volume of CO in the mixture = (lO'S-^x) c.c. 


..-(0 




64 


VOLUME RELATIONS 


According to equation (/), 

2 vols. of carbon monoxide require 1 vol. of oxygen for complete 
combustion. 


(10 5 —.v) c.c. of carbon monoxide would require 

(10-5-A-) 

2 


c.c. of oxygen. 


Accoring to equation (/7), 

I vol. of methane require^ 2 vols. of oxygen for combustion. 

.V c.c. of methane would require 2.x: c.c. of oxygen. 
Hence iota! volume of oxygen required 


10*5— .Y 


+ 2v 


I0-5-.Y+4.Y 10-5-I-3.V 

~ 2 ^ 2 

Actually, the vol. of o.xygeii used = 9 c.c. 


« 

IO-5-f.3.Y . 

• » 

— -2 — =9 

or 

i0*5i-3.v = 18 

or 

3.V = 18-10*5=7*5 
7*5 , 

•V — -^ = 2‘5 c.c. 


Hence, volume of methane = 2*5 c.c. 

Volume of CO = 10*5—2*5 = 8 c.c. 
*)oage composition by volume : 

%ageofCO = XlOO = 76*2 
%ageolCH^= 100-76*2 = 23*8 


Exaniplc 14. 20 volumes of a mixture of hydrogen gas and carbon 

monoMdc were mixed with J3 volumes of oxygen and the mixture exploded. 

Vn cooling, the resulting volume found to be 9, Determine the 
composition of the mixture. 

Vol. of mixture = 20 vol. 

Vol. of oxygen taken = 13 vol, 

Vol. of gases after explosion 

and cooling = 9 vol. 

The reactions inxolved are : 


2H, + O. 

2 mol, I mol. 

“ 'ol. I vol. 

2CO -h O 2 

2 moJ. I mol. 

2 vol. 1 voj. 



2HaO 

Occupies negligible 
volume on cooling 

2COi 
2 mol. 

2 vol. 
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Let the mixture contain x vol. of hydrogen. 
/. vol. of CO = (20— x) vol. 


According to equation (/), .v vol. of hydrogen will need .x 2vol. 
of oxygen and the resulting water occupies negligible volume. 

The contraction = vol. of hydrogen consumed+vol. of oxygen 

used up 


= xH-x/2 vols. 



And according to equation (/7), (20— x) vols. of CO consume 



vol. of oxygen to produce (20 — x) vol. of COj. 


• » 


The contraction = vol. of carbon monoxide consumed -I- vol. 

of oxygen used up— vol. of carbon dioxide formed 

= (20— x)4- (20— x) vols. 


20 -X 
2 


vols. 


Hence, total contraction should be 


3x , 20— X 
2 “ 2 ~ 


vols. 


But actually the contraction = 20+13 — 9 = 24 vols. 


whence 

Hydrogen 

and Carbon monoxide 


X 



20— X 
2 



= 14 vols. 

= 20 — 14 = 6 vols. 


Example 15. A sample of coal gas was found to contain ^0% hydrogen, 
35% methane, 15% carbon monoxide and 10% acetylene. 100 volumes 
af this gas were mixed with 600 volumes of air {containing oxygen) 

in an eudiometer tube and exploded. Calculate the volume and composition 
of' the resulting mixture on cooling. 

As 100 volume of coal gas is taken, hence according to the percent- 
ages given, there will be 40, 35, 15 and 10 vols. respectively of 
hydrogen, methane, carbon monoxide and acetylene. 

On explosion with air, the following reactions will take place : 


2Ha 

2 mol. 

2 vol. 

+ 

0, — 

1 mol. 

I vol. 

2H2O ...(0 

Occupies negligible 
volume on cooling 

CH4 

1 mol. 

1 vol. 

+ 

202 — 
2 mol. 

2 vol. 

CO.2 + 2H20 ...(//) 

1 mol. Occupies negligible 

1 vol. volume on cooling 
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2C0 O 2 — ► 2COo ...(i/7) 

2 mols. 1 mol. 2 mols. 

2 vols. 1 vol. 2 vol. 

2 C..H 2 + 50. — ► 4 CO 2 + 2H.O ...(iV) 

2 mols. 5 mols. 4 mols. Occupies negligible 

2 vols 5 vols. 4 vols. volume on cooling. 

According to equation (/), volume of oxygen used for complete 

combustion of 40 vols. of hydrogen 

= i x40 = 20 vols. ■••{a) 

Similarly, from equation (/7J, volume of oxygen used for complete 
combustion of 35 vols. of methane is 

= 2x35 = 70 vols. .-.(6) 

From equation (//7). volume of oxygen used for 15 vols. of carbon 

monoxide is = = 7‘5 vols. •••(^’) 


And from equation (/v). volume of oxygen required for 

acetylene ^4- x 10 = 25 vols. 


10 vols. of 
...(d) 


Total volume of oxygen required for complete combustion of 
various gases from {a). (A), (c), and {d) 

= 20 + 70H-7-5-r25 
= 122-5 vols. 

Now \oiiime ('f air taken - 600 vols. 

\'o). ofoxygen present in 600 vols. of air 

l“J^^x600 = 126 vols. 

Vi4. of oxygen left unused = 126 — 122’5 

= 3‘5 vols. •••(*') 

and \o!. of niirogcu present at the end 

= 600 — 126 == 474 vols. —(vO 

I roin the ah-vve equations it is evident that COa is produced during 
exi'lo.>ioii in reacitt>as ((7), (/77) and (/V) which can be calculated easily. 

\ of CO., produced by complete combustion of 35 vol. of methane 
from reaction (//) - 35 vols. 

Similarly, volume of CO 2 produced by complete combustion of 15 vols 
'■>1 Co Irom reaetioiis (Hi) - 15 vols. 

and \v>knne ot CO^ produced by the complete combustion of 10 vols. of 

A 

acetylene, from reaction (/v) x 10 = 20 vols. 

Total volume of CO. produced = 35+15+20 

= 70 vols. 


...(vii) 
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Hence, the total volume of gaseous mixture after explosion 

= Vol. of Oa left unused + Vol. of nitrogen Vol. 

of COi produced 

= 3-5 + 474 + 70 

= 547-5 vols. 

and the composition of the mixture by volume is : 

Oo = 3-5 vols. 

= 474 vols. 

CO., = 70 vols. 

(IV) Problems Based on Successive Reactions. 

Example 16. What weight <‘f zinc and sulphuric acid would be required 
to produce enough hydrogen to reduce completely 8 5 gm. of copper oxiae 

to copper ? 

The reactions involved are 


Zn + H.SO. — 

65 (2+32+64 

-98 

ZnSO, 4- H. 


CuO 4- Ha — 
63 5 + 16 2 

-79-5 

Cu 4-H.,0 



From equations (/) and (//), 

6.5 gm. of zinc = 2gm. of hydrogen = 79-5 gm. of CuO 

.-.Amount of zinc required to produce enough hydrogen to reduce 
8-5 gm. of copper oxide 

= X 8-5 = 6 95 gm. 

and amount of sulphuric acid required for above 


98 


79-5 


X 8-5 = 10-47 gm. 


F^^amnle 17. 50 gm. of caustic soda was completely converted into 

sodium chlorate and sodium chloride by the action oj chlorine What uetght 
of manganese dioxide and u hat volume oJ hydrochloric acid (containing 
300 gm. of the acid per litre) nere used for the production oJ necessaiy 

chlorine ? 


The reactions involved arc 

MnOg + 4HC1 

55 + 32 4x36 5 

» 87 = 146 

6NaOH + 3Cla 
6(23 + 16+1) 3x71 

« 240 


MnCl2 4" CI 2 4" H^O ••-(0 

2 X 35-5 
= 71 

5NaCl 4- NaClOj 4- 3H.,0 
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From equations (i) and (/») 

6 NaOH = 3CIa = SMnOa = 12HCI 

240 gm. of caustic soda (NaOH) = 3 X 87 gm. of MnOa 


or Wt. of MnOa required to produce enough shlorine to convert com- 
pletely 50 gm. of caustic soda into chlorate and chloride 


■ 3 X 87 


X 50 = X 50 = 54-875 gm. 


Wt. of hydrochloric acid required 


Since hydrochloric acid contains 300 gm. of acid perl itre, volume of 
hydrochloric acid required 

1000 


300 


X 91-25 = 304 167 c.c. 


(V) Problems Based on Volumetric Analysis. 


(a volumetric analysis, the solution of one substance is made to react 
with the solution of another under carefully controlled conditions. Since 
the main emphasis, in this type of analysis, is on volumes of reacting 
sub'.iances, the name volumetric analysis is given. 


One of the two solutions is usually called a standard solution. 
A standard solution is one whose strength is known. 

Tlie strength of a solution is the amount of solute (expressed in 
terms of the imniher of cram’s or f^ram-equivalents) present per litre of the 
sohition. Wh:n c.Kpre>sed in the latter way, the solution is called a 
.ormal s >Uirioii or a deeinormal or a binormal solution or five norm^ 
solution. depeiiJing up if a gram-equivalent or -|o gni* equivalent or 3 
am. equivalent or live limes the gram-equivalent weight of the substance 
I-, dissolved m o.ie lure of the solution concerned. The same idea is 
e'»nveved by staling ih u the normality of the solution is 1 or lo ( 0 * 01 ) or 
(0-5) or .s. 

Thus, the uorm.ility of the solution may be defined as the factor with 
which grain-cquivaletu has to be multiplied in order to express the 
strength i)f the solution. We have, therefore, the important relation: 


Strength = Normality X Equivalent weight 

Since one equivalent of a substance exactly reacts with (or neutralizes) 
one equivalent of another substance (Imv of equivalent weights)^ it will 
be evident that 

N;Vi = N2V2 

where Nj, Vj and N., Vj pertain to the normality and volumes of the 
two solutions respectively. This is the second fundamental relation used 
in all volumetric analyses and is known as normality equation. 
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There are two more relations frequently used in acid-alkali titrations.* 
These relations are 

Mol. wt. of an acid = Eq. wt. of the acid X its basicity 
and Mol. wt. Of a base = Eq. wt. of the base x us acidity 

where basicily (or acidity) of the acid (or base) is the number of 
repiaceabie hy^irogen atoms (or hydroxyl groups) present in moke 

of the acid (or base). 

Example 18. Calculate the number of grams 
solution of each of the following substances : (/) Aa.COj (//) 

(,7/) H,SO, (iV) CH.COOH. 

(I) Sodium carbonate, Na.COa, reacts with HCl according to the 

following equation : 

NasCOg + 2HC1 2NaCl -f H.,0 -r CO- 

[46+12-1-48] 2il + 35-5) 

106 = 73 

106gms. (I gm. mol.) of sodium carbonatejrcaci with 73 gms. (2 gm. 
moles or 2 gm. equivalents) of hydrochloric acid, . 

cquiv. of hydrochloric acid reacts with 106 2 = 53 gms. ol NaXO;, 
the gm. equiv. of Na^iCOj is 53 gms. 

Hence, 1 normal solution of Na..C 03 must contain 53 gms. per litre of 
NajCOj. 

(2) Sodium hydroxide, NaOH, contains one replaceable hydroxvl 
group or its acidity is one. 

Therefore, equivalent wt. of NaOH = its mol. wt. v/r., 40. 

Hence, a normal solution of NaOH should contain 40 gms. per litre 
of it. 

(3) Sulphuric acid, H.SO,, is a dibasic acid as it 
able hydrogen atoms. Therefore, its equiv. weight is one-half ol its 

molecular weight. 

Hence, number of grams of sulphuric acid which must be present m 

its norma! solution is 49 ( = 98/2). 

. . I />ij o funnohdsic Qcid. Thus, its CQuivti- 

lent weighrw'ill'bc' cqual 'to its molecular weight. Therefore the number 

of grams required to make a normal solution of acetic acid 

Example 19. Calculate the normal, ly of the fallou ing solutions : 

(/) A solution of sulphuric acid containing 4 9 gms. litre. 

(//) A solution of sodium hydroxide containing Hk) gms .litre. 

<iii) A solution of sodium carbonate containing 13-25 gms. litre. 


The proccs ^neutralisation of irnaS 

Where one of the solutions is an acid and ihc other is a b.ist. me u 

acid-alkali titration. 
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0*) 

c * IT Oy-N Mol. Wt. 

Eq. Wt. of H0SO4 — 

= 49 




Normality - 

_ _ 

1 

or 0*1 


Eq. wt. 

“ 49 “ 

10 


(//) 

Eq. wt. of NaOH = Mol. wt. 

= 40 




Normality = ^^^ngth 

8-0 

1 

or 0-2 


Eq. wt. 

40 

5“ 


Cm) 

Eq. wt. of NaoCOa - 

= 53 




XT I- Strength 13'25 1 

Normality = = _ = _ or 0-25 


Example 21. 300 ml. o/NnOH solution of unknown strength contains 
as nnich alkali as 50 ml. of another NaOH solution containing 6 gms. of 

per litre. Calculate the strength and normality of the unknown 
NaOH solution. 


Strength of the second NaOH solution = 6 grns. per litre 
Amount of NaOH present in 50 ml. = x 50 = 0-3 gm. 

Since 300 ml. of first NaOH also contain 0 3 gm. of NaOH, 

. . Strength of the first NaOH solution = x 1000 = ^ gm./litre 

Normality of the first solution = Strength 

Eq. wt. 

= 4 ^ = 

Example 22. If 25 ml. nf N H^SO^ neutralized 21 mi of a solution of 
■ f>£ turn embonate, calculate the strength of sodium carbonate solution. 

Volume of H,S04 taken = 25 ml. (V,) 

Normality of H.SOj = l-O(Ni) 

Volume of Na,C03 neutralised = 21-0 ml. (V.) 

Normality of Na^COa solution = Na 

Applying the normality equation 

NiV, N^V^ 

10x25 = N2X2 IO 

••• Strength Of Na.COa solution = Eq. wt. X normality 

= 53x1-1905 
= 63 0965 gms./litre. 
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Example 23 . 0-75 gm. of an acid of Mol n; 90 required ,6-6 ml of 

NNaOH for neutralisation. Calculate the basicity of the act . 

16-6 ml. of N NaOH = 0-75 gm. of the acid 


1000 ml. of N NaOH = 


0-75 


X 1000 gm. 


16-6 

= 45-18 gm. of the acid 

Since I gm. equiv. of NaOH = I gm. equiv. of acid 

Eq. wt. of acid = 45' 1 8 
Mol. wt. of acid = 90 


Basicity = 


Mol.wt. 9000 


- = 1-99 


Eq. wt. 4518 

= 2 (being the nearest whole 

number) 

T' !«'><! of a sample of limestone iuis dissohed in 30 

of the diluted soluthn required for neutralisation I 5 ml. oj N,J) MiUM. 
Calculate the percentage of CaCO^ in limestone. 

Wt. of the impure limestone taken = O' 125 gm. 

Volume of HCl taken = 30 ml. 

Volume of excess (unneutralised) acid was diluted up to 100 ml. 
10 ml. of the diluted acid solution of normality N, 

= 1-5 ml. of solution 

1-5 _1_ 

Ni (normality) of the diluted acid — jq x 20 

= 0-0075 


Now 100 ml. of 0-0075 N diluted acid = V ml. of 


N 

10 


acid. 


V = 1 00 X 0-0075 X 10 
= 7-5 ml. 


Thus, volume of 


HCl used up for neutralisation of r25 gms. of 
10 _ _ ^ 


= 30-7-5 
= 22-5 ml. 


N 


the impure sample of CaCOj 

Now, weight of CaCO. which reacted with 22-5 ml. of -^rHCl can 

be calculated as below : 

Since 1000 ml. of fV HCl s 50 gm. of CaCO, 

^ y-v 1 


22-5 ml. of ^ HCl = 


10 


- -x,Ir^22-5 

1000 10 


= 0-1125 gm. 
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QUESTIONS 


Percentage of CaCOa = - 


01 125 


01 25 


XlOO 


= 90'’; 


0 


QUESTIONS 

(o) Weight— Weight Relationship. 

1. Calculate the quantity of lime (CaO) required to soften 60,000 litres of 
temporary hard water containing 16‘2 gm. of calcium bicarbonate per hundred litres. 

(Ans 3360 gms) {Panjab Inter 1953) 



(Ans. 47 04) 
{Delhi Pre-medical 195(f) 


of 


3. A fampio of commercial sodium chloride (common salt) was analysed. 3’6 gm. 
thcsample ga\e with silver nitrate 7-74 gm of dried silver chlonde. What is the 

commercial stuff taking into consideration that all the 
impurities arc in the fonn of the ciiloriJe of potassium ? (Ans. 695 8%) 

{Rajputana Inter 1947) 

-.1 mixture of potassium chloride and sodium chloride on treatment 

with excess of silser miraie gave t\u> gm. of silver chloride. What was the proportion of 
the two salts in original mixture ? ( Ans. 614 : 1) {Panjab Inter 1955 S) 

yx iiu" , , '''•‘.'’'‘‘''’.'■''•''W'’* ^t’dium iodide and sodium chloride mixture when treated 
u th sulphuric acid was found to give the same weight of sodium sulphate. Calculate 
tMc percentage compoMhon of the mixture. (Ans. Nal=28-85 NaCI=7M5) 

{{Punjab Inter 1951 S) 

A ^'xiure of cuprous oxide and cupric oxide was found to contain SS®;, of 
cepper. Lsmg 64 as tJie at. wt. of copper, calculate the percentage of the two com- 
ponents m ihc mixture. (Ans. Cu2O^90"o CuO=I0®o; {Nagpur Inter 1952) 

A mixture of calcium carbonate and magnesium carbonate weighing 1'42 gm. 
u i t'cMted until no loss of weight was perceived. The residue weighed 0 76 gm. 

" luit percentage ol the mixture was -MgCO., ? (Ans. 29 38®o) {U.P. Board Inter 1953) 


s 


n Pf'-’cc'^ss of manufacture of sulphuric acid from iron 

e ii> '. 'll * I ol sulphur present in the ore is converted into sulphuric acid, 
. v ..le weieltt of Hun <iiv necessar> for the manufacture of 4 tons of the acid. 

(.Ans. 3 4 ton) {Patna Inter. J953) 


ibi Weight -\oliime Relationship. 

ill- ^''ir^ngih 56®., by wt.) are required to oxidis 

d V ,v Wt. 39?) assuming HNO3 to dccompos 

tlu. 0-y5c.c) {UP Board Inter i 


sc 10 
decompose 

194 9 


at 17°C and 
the percent- 
(Ans. 78-56) {Panjah Inter 1947) 


iTun 'r.r chlorate on heating gave 580 c.c. of oxygen i 

li-e niitiiv l^l decompo.sition to be complete, calculate I 

ai-Pu.M> i.iihe sample. (Ans. 78-56) {Panjah 

-Jted V Mil containing clay as an impurity was 

7 mm r- u . diliiie HCl- The volume of the re.sulting gas at 15®Cand 

• , . -in u.is ...s_ ^..e. talculatc the percentage purity of the sample. (.Ans. 86) 


trt 

767 


hvdio. iif sample of aluminium gave on treatment with dilute 

r I ■ .n ; L ^ asul 3 c.c of moist hydrogen measured at 13^C and 761 mm pressure 

rA.ueoi. icn -'.‘n a’. TP 

^ • I • ^ C.C. l"! r ] li 1 1 1 I. i /•«» v-V^.*kv« . II. *.1^1. 1. 4 • 


(De//ii Prop 1950) 




66 ) {Cat. Inter 1946) 

olutc scale 2'63) are 
CO 2 I- 3 SO 2 . Find out the 
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,olume of necessary to 

ccna'in experiment 13 litres .o’^rcp'^S 

sure are required. How much cond^ (Ans. 42 39 cm ) 

the above quantity of the gas at the expcnmen ^ Boon! Inter 

'p°rSe."‘^ind ^hlTr^ei^a^^pu.i.rof -->nlun. .ulpha.e. 

17. Calculate the maximum wcighl of ircu o^ide ob.aincd uhcn one lure c f ..can, 

at 100°C and 760 m.m. pressure is passed o\er j.gg^ , (Patna Inter f'^5-1) 

18. Assuming that air contains 21 PJJ rSifrod for 

volume of air 27*C and 756 mm. pressure that will bt r<.qu „f K, ,wi-n b\ \NCiehi. 

of r6 gm. of a hydrocarbon containing 75 'o 


of carbon and 25 '„ of hydrogen by 
(Ans. 23 57 litres) (M(Hlia\ Iiii<r 

19. A balloon of capacity 1 12 litres is to be has lo be 

of 27°C and a pressure equal to 8‘8 metres much pure iron s\i\i bo 

produced by the action of steam on iron, calc (Ans. 2212 7 gmv) 

theoretically required for the purpose. {Jainnm <t Kashmir Intir /V.''i) 

20. 44 gm. of an impure sample of the iron C and 773 mm. 

dilute sulphuric acid gave 5 831 litres of ".W 

pressure. Calculate the percentage purity of the ^^'^P'YAnl 49 9 ^''■‘7’- 

(c) Volume-Volume Relationship. on firinc uith .30 c.c. 

21. 20 c.c. of a mixture of carbon monoxide residual ^oxygen after itcainvjnt 

oxygen occupies 34 c.c. which leaves behind 8 c.c. of r'^^'.^Yil muSre ? 

with caustic potash. What was the composition of ^ Rninmaita I icr I95X) 

(Ans. CO-14 c.c., QH,==6 c.c.) (4;V»cr /mcr 952. ,on.ert.d 

22. 100 c.c. of a gas were completely ‘J^oornpos'-^d and ^^hen parsed o^cr 

into stannous sulphide. The V D. of gas is 17. DcdiKC the 

heated copper oxide gave 001 1 gm. of wait. (Ans. H.S) (/^/«/«/> hucr ! *>-) 

formula of the gas. * niarsh eas (CTlj). 14 . 

23. A sample of coaj gas cubic ccntimeires of this gas are 

carbon monoxide and 6 <* mixture exploded What would be the Nsiliime 

mixed with >50 c.c. of oxygen and the mixture ^pi ,omperaturc ? 

and composition of the resulUng^ga^^^^ ■ 56 c.c. CO-^ and 40 c c O^) ^^5-) 

24. 10 c.c. of a mixture of a"amtracfkm "of ^Tc.^^nd after ireai- 

with excess of air. After explosion there ^ ,hc composiium of 

ment with KOH there was 5 c c Ethylene- 4 0 c c.. C O = 1 5 c r 

the mixture ? (Ans. Mcthanc-4 5 c.c.. i,„er 1^52) 

25. 25 C.C. of a mixture of nitrogen and 

the gaseous product is collected and J 60% NO=40'’„) 

composition of the mixture. . , ' .v-,« ircaicd with lurpcniine wlitn tlic 

26. 100 c.c. of a sample of " c. of the sample be heated lill 

volume was reduced to 70 c.c. Y" .iriffin d temperature and ^\y 

decomposed and then cooled to the original tempe ^ ^ ^ (Ma.lra.s Imer 

will the gas occupy 7 .linxi.le was exploded ssiih UH) ml. 

27 . 100 ml. of water gas containing some car iniroducing sodium hydroxu c 

Of oxygen and volume after explosion was 100 m . 
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unde’s apparatus 


great pressure is permitted to expand into a region of low pressure, it 
suffers a fall in temperature. This phenomenon is known as Jonle- 
Thomson effect. This, incidentally, offers further support to the view that 
attractive forces do exist between gas molecules. As the gas expands, the 
molecules fall apart from one another. Therefore, work has to be 
done to overcome the cohesive or attractive forces which tend to hold 
the molecules together. This work is done at the expense of the kinetic 
energy of the molecules. Consequently, the kinetic energy decreases 
and as this is proportional to temperature, cooling results. It may be 
noted that no external work is done by the gas in expansion in the 
present case. 



L.<;:U1D AIR 


l-iti. v.l. Linde’s anpuralus for liquefaction 

ol air. 



UQUID AiO 


Fie, 9.2. Claude’s apparatus 
for liquefaction of air. 


I.inde's apparatus which works on this principle is shown in Fig. 9.1. 

It. air. freed of moisture and impurities, is compressed to a 

lie 1 pressme and enters the inner tube of concentric pipes at O, as 

-howfi. uruier a pressure of about 200 atmospheres. The valve K in jet 

i len on,.jicd to alknv it to expaiul suddenly into the wide chamber 

so i '' S'-' I cooled. Its pressure at this stage is reduced to about 

\iii - ' The cooled air is then made to pass through the 

.1 ^ v<)o!s (he inconiing air passing through the inner tube 

wi 1 . 'ii^onimg air, thus, gets further cooled on expansion into the 

c- iinnr ' ^ ‘ ‘“f’ through the apparatus first, is 

n T n r " V'"' and mnde to piss through the 

ili-’lK ml Hri “'"'r ‘■■'’amber C again. This goes on till 

iiK i(t]ui(j .iir Issues tlie jet. 

a nnssurt-'*'-?'* in* When a gas is made to expand against 

^ II an engine, it does some external work at the expense 


pressure or volume in such a way that it 
adluuJ.l .urroundmgs. the change is said to be 
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a fall of 


of its kinetic energy which decreases. Hence, there is 
temperature. 

This principle, combined with Joule Thomson effect, has been 

used in Claude's process for the liquefaction of air. 

Air Hried and freed of carbon dioxide, is compressed to about 200 

ltol?d"a“iXrgU; up the E and cools porticn of die 

compressed air passing down the tuoe cc. Thonunn eifect 

through a throttle or jet J and is further cooled by Joulc-Thomson Uket. 

This goes on till the gas changes into liquid. 

Industrial preparation of nitrogen and oxygen from liquid air. 

On a commercial scale, nitrogen and oxygen are 
from liquid air by carrying out its fractionalcvaporation Ni ogc I at ng 
a lower boiling point (-195'7’C) boils off more readily than the less 
volatile oxygen (boiling point — 182'96'’C). 

The plant used for carrying out simultaneously the liquefaction ol air 
and its fractional evaporation, is shown in Fig. 9.3. 



Fi*. 9.3. Manufacture of nitrogen 


and oxygen by fractional evaporation of liquidair. 
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PREPARATION OF NITROGEN AND OXYGEN 


The air to be liquefied is thorougly dried add freed from carbon 
dioxide and then compressed to about 30 atmospheres. The heat of 
compression is eliminated by cooling the air in the heat exchanger cooled 
by the out- going very cold oxygen and nitrogen. The cold compressed 
air is then made to do work in the expansion engine, thereby losing an 
equivalent amount of energy as a result of which its temperature falls to 
about its liquefaction point.This air then enters the vaporiser V fitted with 
double set of pipes Px and dipping in liquid oxygen. As it ascends 
the inner pipes Px. there occurs an exchange of heat between the liquid 
oxygen and the cooled air. As a result, the oxygen evaporates and the 
air gets partially condensed. The condensed liquid, which is richer in 
oxygen, flows down and collects in the vessel, A. While going down 
the pipes Px. it scrubs the upgoing air, as a result of which an exchange 
of constituents takes place. Consequently, the down-flowing liquid gets 
richer and richer in oxygen while the upgoing air becomes richer and 
richer in nitrogen. By properly adjusting the pressure of the air, the 
gas which escapes the inner pipes is found to be practically pure 
nitrogen, while the liquid which flows down contains about 50 per cent 
each of oxygen and nitrogen. It collects in the vessel /I at the base of 
the vaporiser. The escaped nitiogen passes down through the outer 
pipes, P-., gels liquefied and collects in the vessel B. 


The liijuul in the vessel .1 is forced upwards under its ovs'n vapour 
pres^ure, through a pipe P. lilted with a regulating valve, and is 
adiniiied into the rectifier R at about its middle. As the liquid flows 
down, it meets an upward current of oxygen coming from the 
\aporiscr 1 . In this process the liquid is robbed off its more volatile 
Component, nitrogen, which moves upwards. The ascending nitrogen is 
turilier scrubbed by liquid nitrogen admitted at G, near the top of 
the rectifier from tlic vessel D. and is thus almost completely freed of 
oxygen. Tlie nitrogen escaping through // at the top of the rectifier 
R is thus almost pure nitrogen. 


flic liquid mc»\ing downwards is almost completely deprived of 
iiirw^n. It collects in the vaporiser V\ where it is made to boil by 
the healing clVecl of the air w'hich is admitted into the inner pipes, as 
discussed earlier. It gives off almost pure oxygen gas which is led 
out ol the opening. O. into the heat exchanger. The pure nitrogen 
issuing .It ihc t«’p ('f the rcctilier also passes through the heat exchanger, 
as sl;^■)\^ n. 


OlESTIONS 

1. I \pl.iin the lenii eriiicai tcnipcratiiro. What is the sicnificancc of critical 
temp'-raUire in lujiietaeiion of' li.jscs ? 

2. W hat principles are in\oI\cU in cooling gases below their critical temperature ? 
Describe l un.c s .ipp.ir.itus Ic'r tlic liquclaciion of air. 

3. Psplain ti.c itim .’oiiU-riie'mson effect and adiabatic expansion. Describe 
vliludc s app.u’iiius lof ihc licjucraciion of air. 

[he construction and working of the plant used for the 
iiQUCiaction oi air aiul traciionution lo prepare nitrogen and o.xygen. 

5, Explain in tlcuuis how nitrogen and o.xygcn are obtained from air. on 
industrial scale. 


CHAPTER X 


HYDROGEN AND WATER 


hydrogen 

Hydrogen is the first element m hydrogen 

lumber is I and atomic weight 1 008. nlaneiary 

ttom contains one proton and no neu rom The atom 

jlectron arranged m the /C-sheli. it nas proton. It has also a 

when it changes into a hydrogen ion (H ) tju.n is. to attain 

tendency to gain one election to complet additional electron 

the configuration of the next inert gas. helium. The adUiiiona 

may also be gained covalently. nor .livv 

History. Cavendish, m found that a 

effect of dilute acids on metals like gjs as injhwwwhle 

similar gas was obtained in each case. (Greek. Uyd, u - 

mr since it burnt when ignited. Lavoisier who found that ihe 

water forming) was given to the gas by 

gas when burnt in air produced water. for 

Occurrence. Hydrogen does an^ regions 

traces (about 1 part in 1*5 million parts) . indicate that sun's 

and in some meteorites. However, n 

atmosphere contains appreciable amounts , 

It occurs most commonly in 

to a much smaller extent in combination I vegetable or animal 

and the halogens. A*' with carbon, nitrogen and 
origin, contains hydrogen in combinatio 

oxygen. 

"‘TiTen is prepared, by the de^mposi.ion of its common con,- 
pounds such as water, acids and alkalies. 

The more important methods are briefly described e . a 

• I •- water containing u 

(a) From Water (/) By electrolysis. uvdroecn is evolved at 
small amount of acid or alkali is electrolysed, y 

the cathode and oxygen at the anode; 


• t 
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HYDROGEN 


Suppose water contains sulphuric acid. Then the ions present in the 
solution are $ 04 “ ", and OH“ (furnished by small ionisation of 
water). 

At cathode, Iiydrogen ions are discharged to give hydrogen gas : 

2H+ + 2e- — 2H — ► Hg 

At anode, hydroxyl ions are discharged to give oxygen gas : 

2(OH)*- — I. H^O + O + 2e- 

0+0 — *. O 2 

Sulphate ions, although present in much larger quantity, are not 
discharged, as their discharge potential is very much higher than that 
oj hydroxyl ions. 

If water to be electrolysed contains an alkali, say potassium hydro- 
xide. then the ions present in the solution are K+ OH~, and H'*' 
(furnished by small ionisation of water). 

At cathode, hydrogen ions are discharged and not potassium ions as 
the discharge potential of the latter is very much higher. 

At anode, hydroxyl ions are discharged to give oxygen, as represented 
above. 


The mechanisni of electrolysis of aqueous solution of sulphuric acid is represented 
m some books as : 


.-Ir catholic ; 
Ml anoilc : 


2H*- + 2e- 


2H 


He 


SO,- " + H2O — ► H2SO4 + O -f- 2e" 

O -f O — ► O2 

This is incorrect since SO, ions cannot be discharged as long as OH~ ions ate 
present m soluiion. 

- m.ehunism of the electrolysis of aqueous KOH solution, involving 
me discharge 01 K lon^ at ih.- cathode, as given in some books is incorrect because 
K 10ns vannoi be diseli.jrgcd .is long as H • ions are present in solution. 

(//) By the action of certain active metals on water. Alkali metals 
arc the nio^i aciisc lor tins reaction. For example, when a small piece 
oi sotii tin is put into cold water, a violent reaction, resulting in the 
lorniat'on ol hydrogen, takes place instaniaiieously ; 

2\a + 211,0 ► 2NaOH + H. 

1 .rge amoiini of heat is givcti off in the reaction and very often 
yn evolved caiclics lire causing a violent explosion. 

Til. reaction between calcium and water is rapid but not violent. The 
reaction with jiiagncMum takes place only when water is warmed. 

Mg + 11,0 — MgO + H 2 

when+ 'r. They decompose water only 

1 . ivatvd slL,am is led over them at a high temperature. 


HYDKOGtN AND \VATl:K 



3Fe + 4H2O 
Zn + H,0 


FeaOj - 4H, 
ZnO h M. 


Most other elemcms arc far less react, ve to b: able to d.splace 
hydrogen from water. 

fm) Bv the action of water on a metal hydriJe. ^'’','*'^'^',‘^'^1' * 
alkali and^alkaline earth metals readily give out hydrogen whui d,h. 

ed in water : 

CaH, + 2H.O — ► Ca(OH), -r 21h 

(6) From Dilute Acit^^ _ Hgirog^s a^mm^t coustuuent ,oi ^ aU 

acids. The mineral acids like HCl, H, SO, and HiNU 

at;d :iuJ?:hStavc ;t^,ng t^td^tces to pa.s „tJo 

feuTral h>drog.-,t atoms. The atoms u,„tc to form molecules. Ine 
changes arc represented as, 

Zn — ► Zn+" + 2e" 

2H+ + 2e" — ^ 2H 

2H — - Ho 

The complete reaction with dilute sulphuric acid, as usually written. 


IS 


Zn + H2SO4 


ZnS04 + Ho 

Tn rase of acids which are also oxidising agents, c.,?.. nitric acid and 
conc^ntr^cd'sulphuric acid, the .hy^rosen produced gtj^. ox, d.scd to 

water. Thus, zinc with cone, nitric acid giv.s niiro^ui dioxiUt.. 

ZnfNOa)^ + 2H 
2H.O + 2NOo 


Zn 4. 2HNO3 
2H + 2HNO., 


Zn -t- 4H(NO,, 


~Zn(NO;t), -t-~2H..O -t 2NOo 


(c) From Alkalies. Certain metals like aluminium, zinc and tin, 
react with alkalies evolving hydrogen. Thus, 

2A1 + 2NaOH 4- 2H,0 — - 2NaA102 4- 3Ho 

Zn + 2NaOH — Na^ZnO^ + 

Sn + 2NaOH 4- H,0 — ^ NaoSnO^ + 2H.> 

Preparation of Bure Hydrogen. Pure hydiogen is usually obtained 
hv the electrolysis of a warm concentrated solution o recrystallis^d 
w mn h^^ n'ckel electrodes. The 

^:rispa^cdovtml.a.ed,dt^.t™^.u.e when «ygcn tts. tm 

wTeVwhrch is removed on passing ..he gas over solid caustic potash and 
phosphorus pentoxide (Fig. lO.I). 
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PREPARATION OF HYDROGEN 


The gas is finally absorbed in hot palladium foil from which it can 
be recovered, in pure state, by raising the temperature to dull red heat. 



Fig. 10. 1. Preparation of pure hydrogen. 

Barium hydroxide is preferred to sodium hydroxide since if any carbon 
dioxide is absorbed, the b.irium carbonate produced being insoluble 
settles down and does not interfere with the electrolytic process. 

Industrial Preparation of Hydrogen. Water is the main source for 
the production of industrial hydrogen. The various methods in use are 
briefly described below : 

(/) By the electrolysis of water. By the electrolysis of water contain- 
ing a small quantity (about 15 — 20‘’o) of sulphuric acid, oxygen is 
liberated at the anode which is usually nickel-plated and hydrogen at 
the cathode which is usually made of iron. 

(ii) Bosch process. This process depends upon the reduction of water 
vapour (steam) by carbon. When superheated steam is passed over 
heated coke at temperatures varying from 440° to 600°, a mixture of 
carbon monoxide and hydrogen (known as water gus) is obtained. 


H..O 


CO -I- H, 


— V 


Water gas 

The water gas is made to react again with steam at the same tem- 
perature m the presence of a catalyst, usually a mixture of iron, 
chromium and cobalt, when carbon monoxide is oxidised to carbon 
dioxide. The reaction is exothermic. 


Catulvst 

CO -t- H, -(- H,0 — CO. + 2H.. + 10 kcal. 

V ^ ^ 

\\alcr giis 

The heat of the reaction is sufficient to maintain the temperature at 
the required level. 

Carbon dioxide is removed by washing with water under a pressure of 
about 25 — 30 atmospheres. Any unchanged carbon mono.xide, if 
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present is removed by passing through ammoniacal solution of cuprous 
formate at 200 atmosphere pressure. Water is mostly removed by 
freezing it out. The last traces are removed by passing over anhydrous 
copper sulphate or calcium chloride. Hydrogen prepared by this method 
is used largely in the manufacture of ammonia by Haber process. 

(//V) Lane process. In this process heated iron is used to reduce 
steam. 

Superheated steam is passed o\er iron heated to about 900” when 
hydrogen is produced according to the reaction : 


3Fe + 4H,0 — + AH. 

The iron oxide is reduced by passing CO over it to iron 
used over again. Actually, water gJS is used lor reduem^ ih- iron 
oxide. The following reacliuns take place : 

Fe,0. + -iCO — ' 3Fe + 4CO, 

Fe,0, + 4H,. — 3Fe + 4H,0 

These reactions also lake place at 900 . 

In actual process, iron is heated in a tube over a furnace m‘.,ntained 

-It the Required temperature and steam and water gas are led ot.r it 

‘altcrnatX the First for 10-15 minutes and the second lor 20-30 

u J -.1 

iiv) As a by-product in the manufacture of sodium hydroxide. 

“s "'s aiS;:”,'*; .r ... 

The mechanism in the Nelson cell is represented below : 

The solution cothains Na^ C, , -d 

slight di^ocialion Na+ is very much higher. 

potcmal of OH- 

is comparatively higher. Thus. 


2H 


H.. 


Cl. 


At cathode : 

2H'' + 2c" 

At anode : 

2Cr — 2c" — ^ 2C1 

» IJ+ otiri ri- ions arc removed, there remain Na"* and OH' ions 

in =olutVon. Thercforc,‘on evaporating this solution, cry.lals ot sodium 
liydroxide arc obtained. 

The mechanism of clectrobsis of NaCI solution is rerrcscnlcd in sen.c bocks as: 
Al cuihodc \ 


Nii-^ + c 
2Na + 2H.O 


Na 

2NaCH -I- K 2 
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anode : 



2C! 




This is incorrect because Na"*" ions cannot be discharged as long as H+ ions are 
present in solution. 

(v) Recent Methods. Recently new melhods for industrial prepara- 
tion of hydroaen have been devised. One of these melhods is based on 
the partial oxidation of crude naphtha obtained from petroleum. The 
oxidation is brought about either by oxygen or by steam in the presence 
of nickel-chromium catalyst. 


-h »/2 Oo — nCO -r (n-fDH, 

Ni-Cr 

C.H.n.a -b nH.O — ► nCO -(-(2n+l)H2 

In the presence of e.xcess of steam, some carbon dioxide may also 
be produced. 

211 H 2 O nCO. + (Bn + OHa 

Hydrogen is separated from CO and COj by the usual methods 
described above. 


Another recent method involves partial oxidation or cracking of 
natural gas. 


CH, -f- 

H,0 

Steam 

Ni-Cr 

— CO 
820 

+ 

3 H 2 

CO t- 

H,0 

Ni-Cr 
— ► CO. 

+ 

H 3 

CH* 


Cracking 

1000* 

+ 

2 H 2 


Hydrogen is separated in the usual way. 

Physical Properties. Hydrogen is a colourless, tasteless and odour- 
less gas. It is the lightest element known ; the density with respect to 
air as I is 0*0695. It is sparingly soluble in water being less so than 
even oxygen. Its critical temperature is — 236*9°C, at or below which it 
can bo liquelied by the application of a suitable pressure. At —252*8®, it 
can be liquefied under a pressure of 1 atmosphere and at — 259°, it can 
be soiidilied. 


Chenneal Properties. 1. Combination with non-metals. Hydrogen 
forms co\alent compounds with a number of non-metallic elements, 
sueli as oxygen, nitrogen, tluorinc, chlorine, bromine, etc. But at ordi- 
nary lemperaiures hydrogen is noi so reactive. This is due to the fact 
that in luoleeiilar hydrogen, ilic atoms have the helium structure (H:H). 
It combines with oxygen, sulphur, nitrogen, bromine, iodine, etc., only 
when energy is supplied in the form of heat. With oxygen, for example, 
the reaction 


2H2 -1 O, 2H2O 

is not perceptible even at 3G0°. The reaction is extremely slow even at 
500°. It is only at 700''' that the reaction becomes almost instantaneous. 
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At higher temperatures it b-omcs ^ive. 

energy is supplied to the ^hich combine more readily, 

the molecules get dissociated - heat produced dissociates 

Further, as the reaction is exot effect is thus produced, 

more molecules into atoms . ^ of the reaction. 

This explains the instantaneous ana explosive nai 

When the pSm^ ''r palladium, a 

presence of a catalyst, such .is c y b-licved that hydrogen molecules 
similar explosive reaction i y^t and are dissociated mto 

The combination with stdplmr resulting ,n the format.o 

H, + S — . Up 

also takes place at high temperatures. ^ temperature 

The combination with .,%,osphcrcs) and the presence 

ff rrs’.“; sstr, 's —«».« « ■ 

resulting in the formtition of ammonia. 

]si„ 4. 3 H 2 — ^ 2NH3 

'tu mMaU Hvdroecn combines with strongly 
2. Combination ^ 1 / Ca etc. to form hydrides, 

electropositive metals, such as Li. Na, K, Ca etc., 

2Na + Ha — 2NaH 

The hydrides are “S" el-nS^^^ 

anion and behaving y.up,i®f„scd The metal hydrides tind 

ing points and conduct elec I ici y lithium hydrid.'s for 

many industrial hydrogen generators since they evolve a 

d'motmt oMt;'dro'’gm when^dded to water. The hydrides are also 

good reducing agents* *> ic r'ducinc ag:nt. 

® a* . Uvrlrnp'ii cas acts US a r^UU^m}- 

3. Reducing properties. Hydrog- Zn, 

em.:arr’red"cef wher;.Vcy are heated and hydrogen is passed 
CuO + H. 

Fe,0, + 4H, — + ‘*”=0 

chlorides get reduced by hydrogui, e.g.. 


2AgCl + 


2Ag + 2HCi 


Nasscent hydrogen. ‘lhriatfcr*'irnm decolourised 

rhotn^herc'lT.h^rA/grdoTs not reduce potassium permanganate. 
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But If a piece of zinc is added to the solution, it is decolourised i e 

potassium permanganate is reduced. This shows that hydrogen at the 

moment of its formation is more active than the ordinary hydrogen gas. 

The hydrogen produced in contact with the substance to be reduced is 
known as nascenl hydrogen. 


moment of its 

liberation (by the action of zinc on sulphuric acid), is in the form of 

^ extremely reactive on account of incomplete valency 

fh. Ik oxygen supplied by KMnO^ and 

thereby the latter gets reduced. 


Zn -f H-,S 04 — 2 nS 04 + 2H] x5 
2KMnO, -t- 3 H.SO 4 — ► K 2 SO 4 + 2MnSO, -h 3H«0 + 50 
2H h O — a. H.O] X 5 

^Zn -h SH.SO, f 2KMn04 — ^nSO, i K.SO, -j- 2MnS04 

H- 8H2O 

In the ordinary hydrogen the atoms have already combined to form 

molecules ( Hj) whereby the valency shells of both the hydrogen atoms 

get completed, Tlie molecule, therefore becomes stable and comparatively 
inactive. 


Hence, the nascent hydrogen is more active than ordinary (molecular) 
hydrogen. 

l/ses of Hydrogen. From the above discussion of physical and 
chemical properties it is easy to follow the important uses to which 
hydrogen has been put at various limes. 

1. In balloons. As hydrogen is the liahtest gas known and its 
fourteenth of that of air, it has been used since long in 
hllingditferent types of balloons. But as the gas is inflammable, its 
me involves risk of fire. There have been several serious mishaps. In 
IV'/, for example, the huge German balloon ‘Hindenberg* caught fire 
w.iile landing. Since that lime balloons required for different purposes 
have been filled with the inert gas helium which, though heavier than 
hydrogen, is Iree from the risk of fire. 


2. Hydrogen generators. The metallic hvdrides. such as NaH and 
LiH arc used in portable hydrogen generators, 'since, when put in water. 
They release a large amount of hydrogen. Tin and silicon hydrides have 
a high heat o( combustion. They are being examined as rocket fuels. 


livJnn.,. . ,V . P™««cs. Hydrogen gns is largely used in 

r W '*• ‘he processes in nhich hydrogen gas is 

e v mn! s Presence of a catah-L A few 

examples are given below : 


oil coconut oil, groundnut oil. cotton seed 

a 1 7. ’ i ; i n hr temperatures, are treated with hydrogen 

at /O in the presence ol finely divided nickel. They take uo hvdroSen 
and change into semi-solid fats which are used as cLking 
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divided copper, to give methyl 

(Hi) Hydrogen is used in the petroleum industry to extend the supply 

,r :,r.— 5'"'~.,s 

several compounds «f fj'^rrctenc and lubr.cat.ng oils, are 

petroleum products such as gasoline, kerosene 

produced. u/Kr-n iwdrocon is burnt in oxygen. ;iNcry 

4. Oxy-hydrosen flame. Whci 1 y temperature of about 

hot flame known temperature is suflicient to melt 

2000-2500° is glow with a dazzling ligh 

platinum and to m.d other allied purpo.e^. 

known as I, me hju.h ^ Appreciable quantities of hydrogen are 

5. Pwduction of animon. of ammonia by direct cornbma- 

bemgusedat present in P by Haber process. Ammonia i^ . 

tionwith nitrogen P^oerant Ld as a source of fertilisers and 

valuable product as a rv.lrigerani 

explosives. WATER 

Water occurs wickly in 

About 75 per cent of >'« -J ' , ^^^^ron of this substance. 

materials contain a vciy high prop water was believed lo be 

Until the close of the (about 17K1) that water is a 

a simple element. ^',1 a, cr Lavoisier ( 1783 ) determined 

compound of hydrogen an oxyg ^ • ^bj,„ical formuti H^O. 

its composition by weight and as^ gn t,,„peratures, pure wni.cr is a 

colo^rLlr'od^Xnnd m'.Hews n Jhile Hduid. H is transpareiU but 

m oV^lm'crystalllnc icc The latent heat of fusion 

is 79-7 cal. per gram of ICC. |,t.tic pressure of 760 imii. to 

Water boils at 100 C ^ ' .s 539 cals, per gm. of water. 

form steam. The /«(«' f of 1 at 4 (more accurately at 

Water possesses a ^ 

3 - 98 '); the density at 0 ° ^ 1 ,,, compressible and 1000 c.c. 

Water, like other liquids, is iwres is reduced lo 999 5 c.c. 

of water subjected to a pressur specific heat of water is 

It is a poor condu^ctor “f >'cat. ^1 ^.p by 
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Water possesses a high dielectric constant (81) and, therefore, salts 
gel highly ionized when dissolved in it. 

Water is a very poor conductor of electricity. 

Chemical Properties. 1. Thermal dissociation. Water is a very 
stable compound and does not appreciably decompose even at high 
temperatures, U decomposes to the extent of at 2040^C, while at 
3500 C. about 3°^ is decomposed, the reaction being reversible. 

2H,0 2H2 + O, 

2. Electrolytic decomposition. When an electric current is passed 
through water containing a little acid or alkali, it decomposes into 

hydrogen and oxygen, which arc evolved respectively at the cathode 
and the anode. 

3. Action with metals. Metal-: which lie above cobalt in the 
dectrociwmicaf series react with water and replace hydrogen from it. 
The more active metals like sodium, potassium, calcium, strontium, etc., 
react with water at ordinary temperalures. 

2Na 4- 2H,0 ► 2NaOH + H, 

Ca 2H..O — ► Ca(OH), ^ 

Metals like magnesium and beryllium decompose only hot water. 

Mg + 2H,0 — 1. Mg(OH)., + H. 

r- active metals like iron, zinc, etc., decompose steam aX 


3Fo -f- 4H,0 — ► FC3O4 + 4H2 

Zii 4- H.O ZnO + H, 

mercury, silver, gold and platinum have no e^ect on 

4. .Utiun with mm metals. Non-metals mostly do not react with 

rV‘. f ^‘Icelroaegaiive halogens, i.e., fluorine, and chlorine 

ordinary temperature. Fluorine forms hydrogen 

o/onisid oxygen, while chlorine forms hypochlorous and 
nydroeiilorie acids. 

2r, + 2H,0 — 2H,F2 4- O 2 
3F, 4- 3i-r,0 3H,F, + O. 

Cl, ~ H.O — ► HCI 4- HCIO 
In the presence ol light, chlorine evolves oxygen. 

2Ci, 4- 2H,0 ^ 4HC1 4- 

Carbon and bilieon also decompose steam at red heat. 

C 4- H.O ► CO 4 Ha 

Si 4- 2H.O .. SiO-. 4- 2H., 

• •» 

The reaction ofsilicon is rather slow. 
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5. Reaction with oxides. Water combines with acidic oxides to 
produce oxy-acids, e.g., 

H,0 -f SO, — H.SO, 

H.O + CO, — HXO:, 

PA + 3H,6 — ^ 2H,PO, 

and with basic oxides to produce basic hydroxides or basc^. 

K,0 + H.O — - 2KOH 
BaO + H,0 — *- 2Ba(OH), 

6 . Reaction with metallic hydrides carbides, nitrides, phosphides. 
Water reacts with metallic hydrides, carbides, nitrides and phosphides 
giving hydrogen, gaseous hydrocarbons, ammonia and phosphine, 

respectively. 

NaOH + H, 

Ca(OH), + C,H, 

4A1(0H)3 + 3CH, 

Al(OH), + NH, 

3Ca(OH), + 2 PH 3 


NaH -I- H,0 
CaC, + 2H,0 
AIA + 12H,0 
AIN + 3H,0 
CajPa + 6H,0 


7. Reaction with chlorides of metals and non-metals. 


FeCU -f 3H,0 
BiCla + H,0 

SiCU + 3H,0 
PCI 3 + 3H,0 


Fc(OH )3 + 3HCI 
BiOCl + 2HCI 

Bismutli 

oxychloride 

H,Si03 -f- 4HCI 

Silicic acid 

H 3 PO 3 + 3HC1 


Soft and Hard Water 

Water from rivers, springs or even wells, contains a 

dissolved mineral matters. Water containing soluble calcium and 

magnesium salts (principally bicarbonales. chlorides, 

termed as hard watcr.and if these salts arc ab>cnt.lhc water is called solt. 

Hard water is not always harmful for drinking purposes but its use 

in the laundry work is wasteful as soap (which IS a mixture ol 

saltr of stearic palmitic and oleic acids) reacts with any soluble 
calcium or magnesium salt giving precipitates of calcium or magnesiu 
soaps and hence no lather is formed, e g., 


2 C„H 35 COONa + CaSO, 
Sodium soap 


(C,7H3,COO),Ca 

Calcium soap 


I 4- Na.SOi 
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Hard waters are also undesirable in dyeing, in rayon plants and’ in 
boilers. 


Types of Hardness. Hardness of water is of two kinds : 

(1) Temporary hardness, and (2) Permanent hardness. 

Temporary Hardness. The hardness of water which can be removed 
by boiling is known as temporary hardness. It is due to the presence of 
bicarbonates of calcium and magnesium. When such a water is boiled, 
the bicarbonates decompose forming the insoluble carbonates. 

CalHCOa), CaC03 i 4* H.O -f CO^ f 

Permanent Hardness. The hardness of water which cannot be 
removed by boiling is known as permanent hardness. It is due to the 
presence of sulphates and chlorides of calcium and magnesium which do- 
not decompose on heating. 

Softening of Water. The process of removing the calcium and 
magnesium salts from hard water is called softening the water. 
Temporary hardness may be removed simply by boiling, when the 
soluble bicarbonales get converted into the insoluble carbonates and thus 
get sei''araicd. Temporary hardness may also be removed by the Clarke’s 
lime process which consists in adding a calculated amount of lime. 
The calcium and magnesium carbonates are formed which arc separated 
by filtration. 

Ca(HCO ,)2 +Ca(OH).^ — ZCaCOa | + 2 H 2 O 
Mg(!lCO:,), 4- CatOH). — MgCO^ i + CaCOa | + IHgO 

Permanent hardness may be removed by heating water with sodium 
carbonate or borax, in which case calcium carbonate or calcium borate 
is precipitated. 

CaSO, ^ Na,CO., CaCOa I 4- Na.SO, 


The method', of softening of water described above are rather too- 
e\pensi\i.- and inei^nvenieni for application on a large scale. The follow- 
ing modern ineiiiods are replacing them rapidly. 


( I ) iVrrnutit process. Permutit is a trade name given to the artifici- 
ally made sodium aluminium ortho-silicate which is allied to the natural 
rninerel. ztcUic. NaAISi 04 . .vHj.O The use of permutit as a water 
softener is based on its property of exchanging its sodium for calcium 
and magnc'tuni. whieli it does when brought in contact with solutions 
eoniaining the^c cations. If we use. for permutit. the abbreviated formula 
N'aZ. then the exchange between ilie cations would take place according 
to the following equations : 


2NaZ CaCl, ^ CaZ,. 4-2NaCl 

2NaZ + CaCHCO^), ^ CaZ. 4- 2 NaHC 03 

2NaZ 4- MgSO, ^ MgZ. -f- NaeSO^ 
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Fig 10.2. Pcrmulit process lor 
^^alcr soficniriL*. 


The permutit is packed in a cylinder and the hard water is made to 

percolate slowly through it (FiS- 10.2). 

The Na+ ions of the permutit replace 
Ca++ and ions in the water, and 

the softened water is drawn from the 
bottom of the cylinder. . After use for 
a period of time, the permutit gels 
exhausted (in as much as all 
ions get exchanged by Ca'*’‘ or Mg 
ions). The exhausted permutit is 
revived by passing a 10“,, solution ol 
sodium chloride through it when the 
Na'^ ions from NaCl replace the Ca 
and Mg'" ions in the pcrmulit. 

CaZ, + 2NaCl CaCU + 2NaZ 

The revived permutit is again used 
and this process can be repealed a 
number of times, the consumption 
being only of common salt (NaCI) 
which is quite inexpensive. 

(2) Demineralization of water with ion exchange resins. Recently, 
synthetic resins (high polymers) of the bakclitc type, such as the one 
made from sulphonated phenol and formaldehyde, arc finding increas- 
ing applications as ion exchangers. The various salts present in water 
can bV removed by passing it through a cation exchange resin (H,R) 
which replaces all cations in the water with the hydrogen ions. 

Ca^+ ^ ” + H 2 R CaR -|- 2H^ + SO, 

The water which now contains H 'ions is passed through an anion 
exchange resin R(OH),. This exchanges the anions present in water 

for the OH- ions, which in turn form vs-atcr wiili the H ions. 

SO^— -f R(OH). RSOj + 20H 

-t- OH 

Thus water is completely free from all mineral matter and tins 
procesf is called demineralization. This w-aicr is almost as free ol 

dissolved salts as distilled water. 

The two kinds of resins used above arc regenerated at periodic inter- 
vals by treatment with sulphuric acid and sodium carbonate solution 

respectively. 

(3) Calfion method. Sodium hexa melaphosphate (NaPOa). is a 
new product^now used as a water softener. This conipound is '-<>™ 
cially known as caluo,, meaning “calcium gone Calgo t is ^ "I 
compound having four atoms of sodium inside the " 

has the formula Na,[Na.PA.)- >1 --eacts with calcium ions lorming 
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soluble complex salt containing calcium inside the complex anion. The 
reaction may be represented by the following equation : 

2CaS04 f NaalNajPeO*,] ^ 2NaoS04 -f NaJCaaPfiOis] 
or 2Ca^ ^ -f [Na^PoO,,]- F=i 4Na- H- [Cn^PcO.s]- 

Since the calrium gets tied up in the anion, it does not give any 
precipitate with soap and hence the hard water after the addition of 
calgon. lorms lather easily with soap or in other words gets softened, 
Further, since calgon takes up Ca ions from solution, it will dissolve 
calcium compounds which are insoluble in water and which comes down 
as scales and incrustation''- in a boiler. Calgon has, therefore, found 
wide use in softening hard waters and in the removal of calcareous 
deposits in boilers. 

Water for Industrial Purposes. Water is chiefly used in industries - 
for steam making. Natural water containing dissolved and suspended 
impurities when used in boilers causes the following two principal 
difllciilties : 


(/} Formation of scale (/7) Corrosion. 

I'urmation of scale. Formation of scale is the deposition of mineral 
matter within the boiler shell and the deposit is called incrustation if 
hard and sciUment or sliulf^e if soft and bulky. The scale of incrusation 
consists of silica, iron and aluminium oxides, calcium carbonate and 
sulphate and magnesium oxide and carbonate. If magnesium and 
sulphate contents arc low, the scale is .soft and bulky and may be in the 
foim o\' s/udf^c. 

The boiler scale is a poor conductor of heat and so causes a waste 
ol luel. 1 he sludge can b.* blown or washed away from the boiler but 
The hard .-calc of i^c^u^^ation is difficult to get rid off. Besides increas- 
ing the luel consunipt'on, the incrustation increases also the cost of 
boiler r-pair. As the crust prevents the ready transfer of heat to the 
water in the boiler, ilic iron in contact with the flames is often heated to 
redne.'-s. One to unc\cii cracking of the crust, the water suddenly 
comes into contact with the red hot iron. Consequently sudden forma- 
tion oj siciiin and release of hydrogen may result in a serious 
explosion. 

M-c 4 4H,0 ^ FCaO, + 4H. 

C orrosinn. Corrosion or '•pitting*' is caused chiefly by the solvent 
(tcthui of (icicls </ii ill,' iron of the boiler. Acids produced by the hydro- 
lysis dt iron, aluminium and magnesium salts arc the chief cause of 
corrosic'ti. 

MgCI., IKO — i. Mg(OH)CI -b hCI 

Besides, dissolved oxygen and free carbon dioxide also bring 

ahout corro,!on: C:riam natural waters contain free hydrogen 

sulphide, sulphuric acid. etc. Such waters if used in boilers, would readily 

bring about corrosion. The slow but constant corrosion of the boiler 

causes It to leak, particularly, around the rivets, and damages the boiler 
>;^riouslv. ® 
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Composition of Water. 

(A) Bv Weight 1- Morley’s method. Morley determined the 
composition of water fby weight) by burning weighed quantities of 
hydrogen and oxygen and weighing the water formed. The apparatus 

used is shown in Fig. 10.3, 



Fig. 10.3. Morley’s method for detcrn.ination of composiiion 
of water by weight. 

n thnrouEhlv dried hvdrogen and oxygen were l.nkcn in large 

Pure and thorougn y were then connected to the mam 

glass globes and weigh . ^.xhausted. The gases passed through 

apparatus which was pre y . y ignited by passing ar. 

the P.O, tubes Zi. b to whes m P- The lowe? part of the 

electric spark between t ^vater vapour formed as a 

apparatus was cooled in inini diaicly condensed and trickled 

result of the ?,be T Tlds water was frozen and the residual gases 

down into the lo'ver tube T i his waa^ off through the 

consisting of unburn hydrogen and ox gen , , 

P,0. tubes back to the glob , and^an^^ 

SerV’nS the weight of water formed, the composition of 
water could be easily calculated. 


^4 


COMPOSITION OF WATER 


As a result of twelve expe*imcntf, Morley determined that oxygen 
-and hydrogen are present in water in the ratio of 8 : 1*00762. 

2. Dumas Method. In this method, dry hydrogen gas was passed 

over heated copper oxide taken in a weighed tube when hydrogen was 
-oxidised to water and copper oxide reduced to copper. 

CuO + Hs — .. HiO + Cu 

The water formed was absorbed in weighed calcium chloride tubes. 
The loss in the weight of the copper oxide tube gave the weight of the 
oxygen which had combined with hydrogen to form water. Knowing me 
weight of water, weight of oxygen and of hydrogen (by difference), the 
composition of water could be calculated. The data gave the ratio o 
hydrogen to oxygen as 1 : 7'98. 

B. By Volume. (1) By synthesis. The composition of water by 
volume cun be determined by exploding a mixture of hydrogen an 
oxvgen over mercury in a eud.ometer lube. In one experiment, 23 c.c. oi 
hydrogen were exploded with 10 c.c. of oxygen. The w^l^r formed 
condensed on cooling and occupied negligible volume. Tie ^^^tdual 
lijdrogen was found to occupy a volume equal to 5 c.c. (cf. Fig. 10.4). 

Thus. 20 c.c. of hydrogen combined with 10 c.c. of oxygen to 
water. In other words, the ratio of hydrogen to oxygen in water is 2 . 1 
by volume. 



Fjg. 10.4. Coirpjsiiion of \N ater Fig. 10.5. Composition of Water 

(l\\ synthesis). (by analysis) 


2. By analysis. The composition of water by volume was also 
determined by elcctroly^ing acidulated water in a voltameter (Fig. 10.5), 
when the volume of hydrogen evolved was double the volume of oxygen 
evolved, indicating thereby that the ratio of hydrogen to oxygen is 2 : 1. 
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QUESTIONS 

1. Describe how hydrogen may be obtained from (0 water {ii) acids {Hi) alkalies. 

Discuss its important uses. .• r.u 

2. How IS pure hydrogen obtained ? Describe the important properties ot the 

3. How is hydrogen prepared on an industrial scale ? Describe its important 
industrial uses. 

4. Describe the action of water on the following : 

fl) Sodium hydride (2) Calcium carbide (3) Aluminium phosphide (4) Alumi- 
nium nitride (5) Calcium phoiphide (6) Phosphorus trichloride (7j Phosphorus 
pentoxide (8) sulphur irioxide. 

5. What is meant by hardness of water ? Djlfcrentiate biiween temporary and 
permanent hardness of water. How is temporary hardness removed ? 

6. What is meant by temporary and permanent hardness of water. What is it 
due to ? Explain Permutit process for the removal of hardness. 

7. What are the causes of hardness of water ? Why is hard water unfit to be used 

in boilers ? . . ^ • 

8. How is the composition of water determined (/) by weight («) by \olume. 
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OXIDES OF NITROGEN 


Nitrogen forms a number of oxides, five of which have been positively 
known and studied. The formulae, names and physical appearance of 
these oxides are given in Table 1 J . 1 . 


TABLE 11.1 
Oxides of Nitrogen 


Formula 


Name 


Pliysical appearance 


NoO 

Nitrous oxide 

1 

Colourless gas 

NO 

1 

Nitric oxide 

Colourless in the gaseous slate 
(blue in the liquid and solid states) 

1 

N.Oa 

Dinitrogen irioxidc | 

, Blue solid 

NOt 

Nitrogen dioxide 

Brown gas 

u 

U 


N204 

Dinitrogen letroxidc 

1 

Colourless gas 


N.O, 


Dinitrogen pentoxide Colourless gas 


Two more oxides NO3 and N^Oo have also been reported. There i- 
^me spectroscopic and chemical evidence in favour of their existence 

Th3 ox,de NO3 .s reported to be produced by the action of ozone “rt 

the oxide N3O0 has been showm to be formed by the action 
ol nuorme on mtne acid. But they have not been isolated. ^ 

Nitrous Oxide 

Preparation. Nitrous oxide is prepared in the laboratory as w-ell as on 
commercial scale by carefully heating ammonium nitrate up to 240®, 

NH^NO;, — > N.O 4- 2HoO 
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'* “s; 

removed with cold trap. 

, . ♦u^ ic rnllected over hot water (as the gas is 

Shunts' uSer rp^es’sure of about .00 atmospheres. 

. . r. .. *-«c Mitrniis oxide is a colourless gas fairly soluble 

.r'^bir - i- cSmS 

liquefied at room te p o/our. When inhaled in moderate 

hence, 'he name. 

In small amounts, it acts as an anaesthetic. , , , 

Chemical Properties, ^"hy^nitrou^ relatisely mcrt. 

It does not ^atu’res, it decomposes into nitrogen and 

Sygen and' reaclslith alkali metals to form o.odes and stipports 

“"cset°"commercially, it is used as the propellant gas in .whipped’ 
cream bombs. It is also used as an anaesthetic. 

Composition af Nitrous Oxide. The 
composition of nitrous oxide may be 
established with the help of the 
apparatus shown in Fig. 11.1. “ 
consists of two glass tubes (one of 

which is graduated), connected together 

by means of a rubber tubing. The lubes 
are partly 

graduated tube is lilted with a cork 
through which two delivery tubes and 
two copper wires arc passing. Ihc 
delivery tubes carry stop cocks. One 
copper wire holds a spoon and he 
other carries a platinum wire at the 
lower ends (sec Fig. 1 l.l). 

A small piece of potassium is placed 
in the spoon and the graduated lube is 
lillcd with nitrous oxide, flic level ol 
mercury in both the glass tubes is made 
the same. An elceirie eurrenl is passed 
through the copper wires.A ^park ispass- 
cd between ihe spoon and me pialinum 
wire as a result ol wlncli the potassium 
catches lire. It burns in nitrous 

glass cooled temperature the mercury is sect, to 

fla^d at the ramc level ind, eating no change tn volume. 


NITROUS 

OXIDE 


COPPER WIRE 


PL/.TINUM 
WIRE ^ 



SPOON 

HOLDING- 

POTASSIUM 


rig. 11. 1- Coniposiiion ol 
nitrous oxide. 
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This shows that one volume of nitrous oxide on decomposition 
gives one volume of nitrogen. 

By Avogadro’s law, one molecule of nitrous oxide on decomposition 
gives one molecule (or two atoms) of nitrogen. 

Hence, the formula of nitrous oxide may be written as N 20 ^. Its 
molecular weight will, therefore, be 28'i-16x. 

The vapour density of the gas was found to be 22, so that its mole- 
cular weight is 44. 

Thus, 28 + 16a: = 44 

A* = 1 

Molecular formula of nitrous oxide is N-.O. 


Nitric Oxide, NO 

Preparation. ( 1) In the laboratory, nitric oxide is usually prepared 
by the action of cold dilute nitric acid on copper turnings. 

3Cu -I- 8 HNO 3 — ► 3 Cu(N 03)2 + 4 H 2 O + 2NO 

(2) A reasonably / 7 Mre sample of nitric oxide may be prepared in 
the laborator> by the reduction of nitric acid with ferrous sulphate. 
For this purpose, a mixture of ferrous sulphate and potassium nitrate 
(in the ratio of 4 : I) is placed in a conical flask and a small amount of 
water added to it. The flask is provided with a dropping funnel and 
a delivery tube. Concentrated sulphuric acid is added gently from the 
dropping funnel and the flask is heated. A steady steam of nitric oxide 
is evolved. The various reactions may be represented as ; 


KNO3 + H2SO4 
2 HNO 3 

2FeSO, -1- H.SOi + O 
2KNO3 + 5H,S04 + 6FeS04 


KHSO 4 + HNO 3 
2NO + H 2 O 4- 3(0) 

Fe2(SO,)3 -f- H 2 O 


[X2] 


[X3] 


2KHSO4 + 3Fe2(S04)3 + 4H2O 

+ 2 NO 

nitrite of sodium or potassium 
is evolved without any heating. 

Fe2(S04)3 + 2 NaHS 04 -f- 2 H 2 O 

+ 2NO 

( 4 ) On a commercial scale, nitric oxide is obtained by the catalytic 

oxidation of ammonia. ^ 


(3) Instead of potassium nitrate, 
may also be used, when nitric oxide 
The overall reaction is 

2N.:K03 + 2FeS04 + 3H2SO, 


Pt 


4NO -h 6H,0 


4NH.J + 50,. 

750—900® 

Nitric oxide may also be obtained by the direct combination of 
nitrog:ii and oxygen of the air at a high temperature (3000°) : 


N. + O. 


2NO 
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The yield of nitric oxide, however, is very low. Hence the reaction has 
not been developed as a practical industrial s>nthesis. 

Physical Properties. Nitric oxide is a colourless gas which readily 
combines with atmospheric oxygen giving brown nitrogen dioxide. 
Hence, the gas must be handled out of contact with air. Since its cnti- 
cal temperature is very low ( - 93 ) it can be liqucl.ed only w.th some 
difficulty. The liquid has a blue colour which boils at- 142 « and 
freezes at -150^ it is neutral in character. 

Chemical Properties. The most important reactions of nitric oxide 
are those of oxidation and reduction. 

(1) It readily combines with oxygen giving brown nitrogen dioxide. 

2NO + 0> — ► 2NO;: 

(2) It is easily oxidised to nitric acid by strong oxidising agents 
such as potassium permanganate, dichromate, halogens, etc. Thus, 
acidified potassium peimanganate is decolourised when nitiic oxidw is 

passed into it : 

2KMn04 + 3H;,S04 — - K 2 SO 4 + 2MnS04 + 3HnO + 501x3 
2 NO + 30 + H.P — - 2 HNO 3 ]x5 


6KMn04 - 1 - 9H..SO4 + lONO 


3K..SO4 n 6MnS04 + 4 HnO 

+ IOHNO 3 

The reaction with KMn 04 is quantitative and is used for the esti- 
mation of nitric oxide. 

(3) Nitric oxide is oxidised to nitrogen dioxide with cone, nitric 
acid. 

2HNO3 + NO r=^ 3NO2 + Hj,0 

This reaction is of particular interest because it explains why metals 
inisreac ^p/curv etc ii\\e niiric oxUle wilh nitric acid 

bu'r n txL Wbh ^o’ncenirl'ted nttr.e acid. 1 n the case of dilute 

mtric and that is, when sufficient water ts present, the reaction is 

T/wlwards eiving nitric oxide, but with concentrated mine acid, 
pushed backwards giv ngm direction giving nitrogen dio.xide. 

the reaction t ^ ji^^tc concenlralion ol nitric 

11 follows from this tlwt at som^ U is actually so. A 5A^ 

“luiion of nUrt lid gives an almost cqu.molccular mixture of NO and 
NOo on reaction with copper. 

Nitric oxide is reduced also equally easily. With sulphurous 
acid it is mduced to mtrous oxide while with ehromous or stannous 

ions, it yields hydroxyl amine. 

2NO + H-iSOa — ► NjO -p H2S04 

Sn^+or 

2N0 -f 6H — * 2NH20H 

Ci++ 
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(5) Nitric oxide directly combines with halogens (fluorine, chlorine, 
omine but not iodine) to give the corresponding nitrosyl halides. 

2NO + Xg — > 2NOX 

Halogen Nitrosyl halide 

These halides are highly reactive and are used as powerful oxidising 
agents. 

(6) Nitric oxide is absorbed in ferrous sulphate solution giving a 
dark-brown colouration (a test for nitric oxide and nitrates). The brown 
colour is due to the formation of a hydrated nitrosyl complex of iron, 
having the formula [Fe(H20)5N0]+^. This compound is responsible for 
the brown ring in the test for nitrates. 



NTTPIC 
OXIDE CAS 


EUrCTRICALLY 
— H3ATED 
IRON V/IRB 


t V 


This complex is stable only at low temperatures. On heating, it 
decomposes to set free nitric oxide. The reaction, therefore, provides 
a method for the purification of the gas as well as for its separation 
from other gases. 

Composition of Nitric Oxide, The composition of nitric oxide may 

be determined with the help of the apparatus 
shown in Fig. 1 1.2. It consists of a long gradu- 
ated tube connected to mercury reservoir with 
the help of a rubber tube. The glass tube is 
fitted with a cork through which a delivery tube 
and a loop of iron wire are passing as shown. 

The mercury reser\'oir is raised upwards to 
raise the level of mercury in the glass tube up 
to the cork. This is done to eliminate the air 
present in the glass tube. The source of nitric 
oxide gas is then connected to the glass tube 
through the delivery tube and the mercury 
reservoir is lowered. Nitric oxide fills the glass 
tube. The level of mercury in both the limbs 
is made ilie same and the stop cock of the 
delivery lube closed. The volume of nitric 
o\ide admitted into the glass is noted. 

The iron wire is then strongly heated by 
passing an electric current. Nitric oxide reacts 
with iron giving iron oxide and liberating 
nitrogen. After cooling to room temperature, 
the level of mercury is once again made the 
same in both the limbs and the volume of 
mirogcii is noted. 


MEBCUBV 

RESERVOUl 


• I! ■: < ' 

I k I I 5 iV. O'. .. 




riio \->liimc of nitrogen is found to be one half of the volume of 
ii'i! i ' o\kI • taken. This .shows that one volume of nitric oxide gives 
oii • h dl v^'luine of nitrogen. Applying Avogadro's law, one molecule 
of mine *>\ale contains vme half molecule (or one atom) of nitrogen. 

file formula of nitric oxide may, therefore, be written as NOj. Its 
molecular w'cighl will be 14-1- I6.v. 
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The vapour density of nitric oxide has been found to be 15, so 
that its molecular weight is 30. 

14+i6x = 30 

X = 1 

Hence, the molecular formula of nitric oxide is NO. 

Dinitrogen Trioxidc, NoOj. 

The oxide, N.O3, exists pure only in tite sohV/ xrute at verjMow 
temperatures. Even in the liquid state ,t ,s dissociated into NO and NU^. 

f=^ NO -r NOi 

In the vapour state, it is almost entirely present as an cquimoleciiUir 
mixture of NO and NOn. 

— - NO + NO, 

Such a mixture can be conveniently in the laboratory by 

the reduction of 50 per cent nitric acid with arsenions oxide o 
nitric acid with metallic copper. 


(/) 2HNO, 

AsjOa + 20 -f 3H,0 
2HNO:, + As,On -I- 2H,0 

(,7) 2Cu + 6HNO3 


H.,0 + NO + NO, -b 20 
2H3AsOj 

NO -f- NO-, -r- 2H lAsO i 
2 Cu(N03)-, + NO + NO, + 3H,0 


The brown mixture of NO and NO, when cooled m a freezing 
mixture, condenses to give a blue liquid which freezes to a blue solid. 

T-u M r> Ic frtrnnllv referred to as \hQ anhydride of uilroii’: 

or NO and NO3 when dissoKcd in 

alkalies produces practically pure nitrites. 

NO f NO, + :K0H — ► 2KNO, + H,0 

Nitrogen Dioxide, NO, and Dinitrogen Tetroxide. N,0,. 

These two oxides are in a tcmpcrature-dcpendcnl equilibrium : 

N.,04 2N0, 

Colourless Brown 

solution of .Up rise in temperature indicating an 

from yellow to C At 22° the liquid boils giving brown 

increase in the percentage -r .uV mixture has been found to 

l:mp?r^ure!^'h:'’ nhmt^ 

and oxygen, both of which arc colourless . 

2NO-. r=i 2NO + O, 
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Above 620^, the gas becomes colourless indicating a complete dissoci- 
ation into NO and O^. All these changes are reversed on cooling. At 
some intermediate temperature (found to be 300® experimentally)* the 
equilibrium mixture contains equimolecular quantities of NOg and NO. 

Thus, if the gas at 300® is treated with alkalies, it produces pure 
nitrite. 

NO + NOo + 2NaOH ► 2NaN02 + H.O 

This fact is utilised in the commercial preparation of sodium nitrite. 

Preparation. The mixed oxides can be prepared by the following 
methods : 

(/■) By heating nitrates of heavy metals. Lead nitrate is most suit- 
able as it is available in anhydrous condition and gives dry NOj. 

2Pb(N03), — i. 2PbO + 4N02 + O, 

Nitrogen dioxide is separated from oxygen by passing through a U-tube 
immersed in a freezing mixture when NO^ condenses to an orange liquid 
while o\>gen escapes. 

(/V) By the reduction of nitric acid with metals. Concentrated nitric 
acid is readily reduced by metals like copper, silver, lead, etc., giving 
nitrogen dioxide. 


Cu 


2HNO3 

O + 2HNO, 
4HNO, 


Cu 


2NO2 4- H2O -p O 
Cu(NO ;,)2 + H..O 
Cu(N03)2 2 H 2 O 


2 NO. 


{Hi) By the oxidini(>n of nitric oxide. Nitric oxide is readily oxi- 
dised to nitrogen dioxide when exposed to atmospheric oxygen. 


2NO 4- 0. 


2NO 


IToporties. As already mentioned, the oxide N2O4 is colourless 
v\!itle NO. IS brown and the two oxides arc in a temperature-dependent 
equilibrium : 


N2O4 

Colourless 


2NO.. 

Brown 


iNitroycn dioxide, when dissolved in water, gives a mixture of nitrous 
acid and nitric acid. 


2NO, r H..O 


HNO2 4- HNO 


Mencr. I! is lormally known as the “mixed anhydride” of these two 
aciu 

In aqueous ^luiion. nitrogen dioxide gives the reactions of both 
11 \()^ and HNO;,. Like nitrous acid, it behaves as a reducing agent 
and hke nunc acid it exhibits oxidising properties. Thus, nitrogen 
dioxide readily decolourises potassium permanganatc(rci/«r///g action) and 
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converts sulphur dioxide to sulphuric acid in the presence of water 
(oxidising action). 

(,7) SO. + H.O + NO. — H.SO. + NO _ . , , 

of steam. 

Dinitrogen Pentoxide, ^ 

It is prepared by the dehydration of nitric acid with P,0.„. 

4HNO3 + PrOio — 2 N..O. + 4 HPO,, 

A mixture of concentrated nitric aad P^^^Pf’ozmiLd oxNgeii. 

distilled in an all-glass apparatus m the ^ 

The latter is essential to avoid the decomposition of N ".. 

Properties. Dinitrogen pentoxide on account 

0" As the temperature rises, the colour changes o yellow 

of the partial decomposition of N.Os to brown NO, 

2 N.O 5 — ► 2NO.. + O, 

The crystals melt at 30’ giving a yellow liquid which decomposes at 

to cive brown NO^. . , ... 

It is highly deliquescent and readily dissolves in water with a h.ssin, 

noise giving nitric acid. 

N.A -i- ^ 2HNOj 

Thus, the oxide is also referred to as nitric anhydride. 

It acts as a strong oxidising agent. 

QUESTIONS 

, What are .he imporlan. oxides of nilrogen 7 Give .heir forniul.ic, n,.n.cs an 

Horr'Xoas oxide prepared in .he laboralory ^ How is .he coinposi.ion of 

the gas established ? lion of nitric oxide. Discuss its 

3 . Describe the methods for „f ihc gas determined 

important properties. How is the c ^ anhydride of nitrous 

4 How is nitrogen trioxide prepared? Why .s it culieO 

6 . What arc the •mporlant ox.dcb of nitrogen one of them 

7 . Name the five oxides of nitrogen. ow ^ Kashmir T.D.C. (/) /V67) 

from nitric acid. 
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PHOSPHORUS HALIDES AND PHOSPHORIC ACIDS 


Phosphorus combines directly with halogens forming trihalides and 
pentahalidcs. Out of these, the trichloride and the pentachloride are 
the most important. 

Phosphorus Trichloride, PCI3 

Preparation. Phosphorus trichloride is prepared by heating white 
phosphorus in a current of dry chlorine. 

*P4 -f 6CL — ► 4 PCI 3 

Tlie apparatus is shown in Fig. 12.1. Dry, white phosphorus is placed 
in the retort and gently heated on a water bath. A current of pure, dry 
chlorine is led over the phosphorus. The phosphorus trichloride formed 
being volatile (b. p. 74^) distils over and is collected in a water cooled 
receiver. 


dry CHLORtNB 
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Physical Properties. Phosphorus trichloride is a low boiling liquid 
(b. p. 74®) having a pungent odour. It fumes in moist air. 

Chemical Properties. (I) It is violently hydrolysed by water giv-ng 

phosphorous acid and hydrochloric acid gas. 

PCI3 + 3H.O — ► 3HCI + H3PO3 


In a similarraanner it reacts with organic compounds containing 
hydroxyl (OH) group, such as acids and alcohols. For example, 

PCI3 + 3CH3COOH — ► 3CH3COCI + H3PO3 
Acciic acid Acetyl chloride 

PCI + 3C-.H5OH — ► 3C2H5CI + H3PO3 

Eth>r alcohol Ethyl chloride 

(2) It reacts with chlorine or sulphuryl chloride forming phosphorus 
pentachloride. 

PCI3 4* CI.3 — PCIj 
PCU + SO.Ch — *• PCI5 4 - SO.. 


(3) It readily combines with o.xygen forming 


chloride. 


2PCI3 4- O.. — ► 2POCI3 


phosphorus oxytri 


Phosphorus Pentachloride, PCI5. 

Preparation. Phosphorus pentachloride is usually prepared by the 
action of an excess of chlorine on phosphorus trichloride. 


PCI3 4' CI3 — - PCI,^ 

The apparatus used is shown in Fig. 12.2. 
Dry phosphorus trichloride is taken in a 
dropping funnel which is fitted to a wide 
mouth bottle as shown. The dropping funnel 
is provided with calcium chloride guard 
tube to exclude external moisture. There 
is an inlet tube for admitting chlorine and 
an outlet tube for removing the excess of 
chlorine. The outlet tube is connected to 
fumes cupboard. 

Phosphorus trichloride is allowed to drop 
slowly and at the same time a current of dry 
chlorine is passed through the bottle. When 
the required amount of phosphorus penta- 
chloride has been obtained, the excess of 
chlorine is removed from the bottle by 
flushing with carbon dioxide. The bottle 
is then carked. 

Physical Properties. Phosphorus penm- 
chloride is a yellowish white crystalline 
compound having a sharp odour. It 
sublimes on heating at 160® and melts at 
45° under pressure. 
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Chemical Properties. 1. Phosphorus pentachloride dissociates oa 
heating into phosphorus trichloridi and chlorine. 

PCI5 pi PCia + Cig 

2. It is violently hydrolysed by water giving phosphorus oxychloride 
or phosphoric acid depending upon the quantity of water. 

Insufficient water 

PCI 5 +IH.O — ► POCI 3 + 2HC1 

Excess of water 

PCI5 + 4H2O ► H3PO4 + 5 HCi 

3. It reacts with compounds containing hydroxyl groups forming 
chloro-derivatives. In all these cases, the hydro.xyl group is replaced by 
chlorine. For example, 

CH 3 COOH + PClg — » CH 3 COCI + POCIj + HCl 

Acetic acid Acetyl chloride 

C.H^OH + PCI., — ► C^HsCl + POCI3 + HCl 

Elhyl alcohol Ethyl chloride 

H^OSO-^OH + 2PCla — ► CiSO.Cl + 2 POCI 3 + 2HC1 

Sulphuric acid Sulphuryl chloride 

PHOSPHORIC ACIDS 


Phosphorus gives three important phosphoric acids. These arc : 

( 1 ) Ortliophosphoric acid H3PO4 

(2) Pyrophosphoric acid H4P2O7 

(3) Metaphosphoric acid HPO3 

Orthophosphoric Acid, H3PO4. 

Preparation. Orthophosphoric acid is prepared : 

(1) By carefully dissolving phosphorus pentoxide in water and then 
boiling the solution. 

+ 6H2O ► 4H3PO4 

(2) By the oxidation of red phosphorus with concentrated nitric acid. 
A crystal of iodine is added to catalyse the reaction {laboratory method). 

2HNO3 — 2NO2 + H.O + O] X 10 
P, + 100 — P4O10 

P«On. -h 6H,0 4H3P04 

P4 -h 2OHNO3 4H 3PQ4 + 2ONO2 + 4H2O 

The resulting solution is evaporated, keeping temperature below 180'’. 
Th.' svrupy liquid obtained is allowed to cool in a desiccator when 
colourless crystals of phosphoric acid are obtained. 

(3) By the hydrolysis of phosphorus penta-chloride. 

PCU 4- 4H.,0 ► H3PO4 + 5HCI 
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(4) By the action of sulphuric acid on phosphate rock or bone ash 
(manufacture). 


Ca3(P04)2 + 3HnS04 


2 H 3 PO 4 + 3CaS04 

Ppt. 

Calcium sulphate b.ing insoluble is removed by filiation and the solution 
of phosphoric acid concentrated to a syrupy liquid. 

Physical Properties. Pure phosphoric acid is a colourless crystalline 
solid melting at 42-3‘’. Usually, it is available m the form of a syrup> 
liquid. 

Chemical Properties. (1) Phosphoric acid is a tribasic acid and form> 
three series of salts with alkalies. For sodium hydroxi e. 

it gives three salts, NaH 2 P 04 - Na.>HPO,, and Na^POi. 

(2) On heating up to 220\ it decomposes to give pyrophosphoric acid 
which, on further heating to 600^ gives metaphosphone acid. 

220 = 

2H3PO4 H4P2O; 

— H2O Pyrophosphoric aciu 

600 -= 

HjP-A — » 2HPO:, 

— HoO Metaphosphone acid 

(3) Phosphoric acid is very stable and possesses no oxidising pro- 
perties below 350 -400\ It is. therefore, used in place of sulphuric ac d 
in the preparation of hydrogen bromid: and hydrogen iodide fro 
potassium bromide and potassium iodide respectively. 

H 3 PO 4 + 3KBr — K 3 PO, + 3HBr 

H^PO^ + 3Kl — ' K 3 PO 4 - 3H1 

Orthophosphates or Phosphates. 

Orthonhosphoric acid, being tribasic, forms three scries of salts with 
iir 1 c are named as primary, secondary or tertiary salts 

are : . • 

(/) NaH.PO., Sodium dihydrogen phosphate or primary sodium 

’’'’°(«''"Na.HPO„ Disodium hydrog.-n phosphate or secondary sodium 

’’’'^^//’r'Na.PO,, Trisodium phosphate or tertiary sodium phosphate 
or norma! sodium phosphate. , 

,0 sodium dihydrogen ph^osphatc,^ 1'. 

by^ddmg '"calculated amount of phosphoric acid to disodium hydrogen 
phosphate. 

H 3 PO 4 + Na 2 HP 04 — » 2 NaH 2 P 04 
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Sodium dihydrogen phosphate when heated at 200®, decomposes to 
give sodium hydrogen pyrophosphate which on further heating to 250®, 
gives sodium metaphosphate. 

200'» 

2 NaH 2 P 04 — - NaoHoP^O, + H.O 

250^ 

NaoHoPoO, — ► 2NaP03 + HoO 

(/V) Disodium hydrogen phosphate, Na2HP04. 12H;0. It is neutral 
towards phenolphthalein and slightly alkaline towards litmus. It may 
be prepared by adding sodium hydroxide or sodium carbonate solution 
to phosphoric acid till the solution becomes neutral towards phenol- 
phthalein. 

H 3 PO 4 4- 2NaOH »- Na 2 HP 04 + 2HoO 

Disodium hydrogen phosphate, on heating to 300®, decomposes to give 
sodium pyrophosphate. 

300'“ 

2Na,HP04 — *■ Na4P,0, + H.O 

{Hi) Normal sodium phosphate, NaaPO,. It is strongly alkaline due 
to hydrolysis. It may be prepared by adding a requisite amount of 
sodium hydroxide to disodium hydrogen phosphate solution. 

Na.HPO^ d- NaOH NasPOj + H..O 

Sodium ammonium hydrogen phosphate, NaNH,HP04.4Hi0 or 
Mlcrocosniic salt. It may be prepared by dissolving ammonium 
chloride and disodium hydrogen phosphate in the ratio of 1 : 6 (by 
weight) in a little hoi water. The solution on cooling deposits crystals 
of microcosmic salt. 

Na.HPOa 4- NH 4 Ci — NaCI 4- NaNH 4 HPO. 

Microcosmic salt 

Microcosmic salt on heating decomposes to give ammonia and 
sodium m jlaphosphate. 


NaNH,HPO, 


Hoat 


NH3 4- NaPOa + H2O 


MuTi'ci'smic sail is used in “microcosmic bead test” in qualitative 
analv^is. 


I fsfs of I’ho'.plintcs 

!. Aiii}uni:ii‘;i molvlulatc test. When warmed with an excess of ammonium 
iiinl\ hJ.uc Si’lutii'ii in the prev.-rivO of nitric acid, a veliow precipitate of ammonium 
i’huM'iu'-m a>hdate 1 2MoO:,.6H.,0. is obtained. 

!\-rric vhlorhL- h-M. I'crric chloride, v^hen added to a neutral solution gives a 
bull >.ii|oiirci! precipitate of feme phospliatc. F'ePOt wliich is soluble in h\drochloric 
aciil bm insoluble in acetic acid. 


. 5 . SHii'r iiiridU’ tt'si. SiUer nitrate, uhon 
\el!ow precipitate of siher phosphate. Ag 3 P 04 . 
acid ;is well as in ammonia. 


added to a neutral solution, gives a 
This precipitate is soluble in nitric 
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NagHPOi + MgS04 + NH 4 OH 


4. Magnesia mixture test. Magnesia mixture (a mixture of MeS04 containing 
NH4CI and NH40H> gives a white precipitate of magnesium ammonium phosphate. 

MgNH^POi + Na,S04 H,0 

White ppt. 

5. Cobalt nitrate test. Cobalt nitrate when added to a neutral solution gi\es a 
violet blue precipitate which is soluble in acetic acid. 

A CntHun, rhlnride test Calcium chloride, when added to a neutral solution 

gives a w^t pTecip^ 

acid. 

Pyrophosphoric Acid, H^P 2O7 

Preparation. Pyrophosphoric acid is usually prepared by heating 
orthophosphoric acid at 220 . 

220 *^ 

2H,P04 — - .. 

— H2O Pyrophosphoric acid 

Physical Properties. Pyrophosphoric acid is a colourless crystalline 
solid melting at 61’. 

Chemical Properties. 1. Pyrophosphoric acid is a tetrabasic acid but 
it Gives only two scries of salts. Thus, with sodium hydravide, it gives 
only the normal salt, sodium pyrophosphate, NaiP-O? and the dihydrogen 

salt, Na2H2p207. 

2. It reacts with water giving orthophosphoric acid. 

H4P2O7 4- H2O 

Pyrophosphoric acid 

3. On heating upto 600", it decomposes to give melaphosphoric acid. 

600 

H4P..O7 — ► 2HPO;, 

_H.p Metapho.Nphoric acid 

Metaphosphoric Acid, HPO3 

Preparation. Metaphosphoric acid may be prepared : 

1 By the action of coU water on phosphorus pentoMde. 
pp,u + 2 H..O — *■ 4 HPO:, 

2. By heating orthophosphoric acid or pyrophosphoric acid at 600 . 

600 

"" HPO — ' 2 HPO, 

2H3PO4 -7; . ,i„o 

^ u . 1. • ~ PvrcDho'Phoric Mciapliosphoric 

Orihopho'Phont „ui atul 

acid 

Phy-sical Properties. Metaphosphoric acid is a transparent glossy 
solid which does not possess a sharp melting point. 

Chemical Properties. I. Metaphosphoric acid is a moimbasic acid 
and forms only one series of salts called metaphosphates. 


2H3PO4 

Orthophosphoric acid 
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2. It is deliquescent in nature. Its aqueous solution changes into 
orthophosphoric acid slowly at room temperature and rapidly on heating. 

HPO3 -f- H,0 — ► H,P04 


Reactions to distinguish between ortho, pyro, and metaphosphoric acids and 
phosphates. 


Reagent 

1 

HjP 04 or 
Orthophosphates 

H4P2O7 or 
Pyrophosphates | 

HPO3 or 
Metaphosphates 

1 

1, Sibrr nitrate 
(neutral) 

Yellow ppi. of 
AgaPOj 

White crystalline 
ppt. of Ag4p207 

White gelatinous 
ppt. of AgPOg 

2 . Magnesia 
mixture 

White ppi. insoluble 
in excess of the 
reagent. 

White ppt. 
soluble in excess 
of the reagent 

No ppt. 

3 . Cobalt nitrate 
(neutral) 

Violet blue ppt. 

Pink ppt. 

No ppt. 

4 . Cadmium 
chloride and 
acetic acid 


White ppt. 


5 . W’hile of egg 

No action 

No action 

Coagulation 


Structure of Phosphoric Acids. The three phosphoric acids have been 
assigned the following structures : 


Orthophosphoric acid. 

H 


OH 

I 

MO— P— OH or 

I 

I 

O 


: O : 

• » « • • • 

H : O : P : O : H 



• • 


PyropiuKsphoric acid. 


OH OH 

1 I 

O-*— P — O — P — ► O or 

1 1 

OH OH 


H H 

• • • • 

: O : : O : 

: O : P ; O : P : O : 

•« •• •« •• 

: O : : O : 
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Metaphosphoric acid. 


HO— P 




O 


o 


: O : 

• • • « « • 

or H : O : P : O : 

• • • • • • 


QUESTIONS 

1. How is phosphorus trichloride prepared in the laboratory ? Discuss its import- 
ant properties. 

2. Describe the laboratory preparation of phosphorus pentathloride. What 
happens when phosphorus pentachloride is reacted upon by water, eih>! alcohol and 
acetic acid ? 

3. How is orthophosphoric acid prepared ? \N’hat products arc obtained on heating 
orthophosphoric acid ? Give the important tests for phosphates. 

4. How is orthophosphoric acid prepared from (/) bone a^h (r) phosphorus, and 

how is it converted into the otherlwo acids? What tests may be used to identify 
these acids ? (Panjab Inter JV4I, Rajptnana Inter 1951. 1952) 

5. How would you distinguish between an orthophosphate and a metaphosphate ? 

Give equations where necessary. (Panjab Inter 1951) 

6. Give the names, formulae and structures of phosphoric acids. How would >ou 
distinguish between them ? 

7. How would you convert ? 

(1) Orthophosphoric acid into pyrophosphoric acid and vice versa ? 

(2) Orthophosphoric acid into metaphosphoric acid and vice versa ? 

(3) Phosphorus into orthophosphoric acid and vice versa ? 
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OXIDES OF CARBON 


Carbon forms a number of oxides such as C4O3, CgOa, C12O9, CaOs 
CO and CO-j. Out of these, the most common and the most important 

are CO and CO-.. 


CARBON MONOXIDE, CO 

Occurrence. Carbon monoxide occurs in small quantities in volcanio 
gases, chimney gases, exhaust gases of automobile engines and coal gas. 

Preparation. Carbon monoxide may be prepared by the following 
methods : 

(1 ) By the reduction of oxides of heavy nietaJs with carbon- For 
example, 

heat 

ZnO + C — ^ Zu + CO 

heat 

FcjOa + 3C — ► 2Fc + 3CO 

(2) By the reduction of carbon dioxide with carbon. 

heat 

CO. -h C 2CO 

Carbon dioxide is passed through a silica tube packed with charcoal 
and heated to red heat. The resulting product is a mixture of CO and 
QO. from which CO. is eliminated by passing through caustic soda. 


By the reduction of carbon dioxide with zinc or iron. 

heat 

CO, + Zn — ^ ZnO + CO 

CO; is p:is',ed o\ er red liot /,inc dust or iron filings and the resulting 
g.iNcs are ''Crubbed with caustic soda to eliminate any CO.. 

(4) By hcmiri" calcium, barium (»r magnesium carbonate with zinc or 
iilings. 

MgCOj "h Zn ► MgO + ZnO + CO 
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(5) By healing oxalic acid with sulphuric acid, the latter acting as a 
dehydrating agent. 

COOH H2SO1 

) — > CO 4- CO, 

COOH 

The carbon dioxide is absorbed by passing through caustic soda or 
caustic potash. 

(6) By healing formic acid wilh sulphuric acid, the latter acting as 
a dehydrating agent. 

H.SO4 

HCOOH — CO 

— H2O 

(7) By ihe aclion of sieam on healed carbon. 

H,0 + C H, + CO 

Carbon monoxide is separated by liquefaction. The method is employed 
tor the industrial preparation of monoxide. 

(8) By healing potassium ferrocyanide with concentrated sulphuric 

acid. 

K.|Fe(CN)„J + 6H..SO, + 6H,0-. 2K,SO.^+^FeSO.^^^_ ^ 

Physical Properties. Carbon monoxide is a colourless, odourless 
gas, only slightly soluble in water. It is highly poisonous. Cbie part 
ofthe gas in 500 parts of air produces unconsciousness m about an 
hour and one part in 100 parts will cause death in a lew minutes. It 
liquehesat -191'5'’and solidifies at -200 . Its critical temperature 

is —138-7’. 

Chemical Properties. Carbon monoxide, as is evident from us 
structure, is an unsaturated compound and hence it forms addilionpn.- 
du«s with hydrogen, oxygen, chlorine, sulphur, giving uselul products. 

Thus : 

ZnO-CrzO, 


CO + 2H, 

2CO + 0, 
CO 1 Cl, 


CH3OH 

mctluinol 

2CO, 


O-C 




Cl 


\ 


Cl 

Phobsciic 


heal 


o=c s 

Carbonyl sulphide 


CO + s 

Vapour 

(2) Carbon monoxide is absorbed by sodium hydroxide under 
pressure giving sodium formate : 
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CARBON MONOXIDE 


CO + NaOH — ► 0=C<^ 

'^ONa 

Sodium formate 

(3) Carbon monoxide combines with many metals such as iron, 
cobalt, nickel, etc., forming carbonyls, for example, Ni(CO)i, Co(CO )4 
Fe(CO) 5 , etc. 

50 ® 

Ni -I- 4CO — ► Ni(CO)., 

Nickel carbonyl] 

(4) Carbon monoxide is readily absorbed by a solution of cuprous 
chloride in concentrated hydrochloric acid or ammonia. This is 
supposed to be due to the formation of complex ion, [Cu(CO)Cl 2 ] or 
[Cu(CO)NH;,]-^. 

(5) Carbon monoxide is a good reducing agent. Thus, it reduces 
zinc oxide to zinc and iodine pentoxide to iodine : 

ZnO + CO — ► Zn 4- CO 3 

1,0, -r 5CO — ► L + SCO. 

Us tendency to reduce lies in its tendency to get easily oxidised to 
carbon dioxide. 

Tests. Carbon monoxide may be detected by the following tests : 

(j) A niter paper dipped in PdCIo solution is turned pink, green or black. 

(i7) Iodine pentoxide gives iodine which.'imparls violet colour to carbon disulpliide. 

SCO + hOfi — ► SCO. + I 2 

Uses. 1. It is an essential constituent of fuel gases like water gas, 
producer gas, etc. 

2. It is used in the manufacture of methyl alcohol by its reaction 
with hydrogen at 300 , under a pressure of 300 atmospheres in the 
presence of zinc oxide mixed with a little chromium oxide. 

CO + 2H., CH 3 OH 

3 . It is used in the manufacture of sodium formate and formic acid, 
ai> shi»\vn abo\'e. 

4 . li is also iiNcd in mMallurgical operations in reducing metallic 
ox;d-''> to m.'tals, 

ZiiO 4- CO — ► Zn 4- CO .2 

C.4RBON DIO.KIDE, CO. 

Occurrenee. Carbon dioxide occurs in free state to the extent of about 
U 0 .' 005 per ceiu in the atmosphere. This carbon dioxide results from 

anim il breathing, decay of vegetable matter, burning, etc. In combined 
stale. It IS present in carbonate minerals, e.g., limestone^CaCOiydohmitet 
CaCOs, MgCOj, etc. 
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Preparation. Carbon dioxide may b; “Td’s on 

combustion of carbon or by the action of heat 
carbonates and bicarbonates. 


Thus, 


C + Oa 

CuCOs 

CaCOa 

2NaHC03 

NaaCOg -r 2HC1 
NaHCOa + HCl 


heat 

heat 

heat 


COz 

CuO + COo 

CaO + CO, 

Na.COa + CO, 4- HoO 
2NaCl -r CO, + H.O 
NaCI + CO, + H,0 


In the laboratory, the gas is prepared by the action of cold, d.lote 
hydrochloric acid on marble (CaCOa). 

CaCOa + 2HC1 — ► CaCI, + CO, -f H.O 

Manufacture 1. From Combustion Gases.^ The 

the combustion of coal or coke contain large amo gases or 

and nitrogen mixed with carbon monoxide, is rccosered 

vapours in comparatively smaller i,u coke down which a 

by passing the hot gases up a tower Carbon dioxide is 

solution of potassium carbonate is b-ing spray . 
absorbed giving potassium bicarbonate. 

K^COj + COj + H^O — ► 2KHCO3 

The solution is boiled when carbon dioxide is liberated, the ahose 
reaction now being reversed. ^ 

2KHCO:, K. 3 CO 3 + H..O + CO. 

The solution containing potassium carbonate can be used again 

absorbing carbon dioxide. , ...i, 

2. From Lime-kilns. Carbon tCaCOj) hi the maiiul'ac- 

as a by-product in the calcination of limesto ( 

ture of lime (CaO). 


CaCO: 


CaO 4" CO, t 


The gas can be recovered and purilicd by absorbing it in a solution 
of potassium carbonate, as described above. ^..rhryn aio- ide 

3. From Fermentation Industries. of^ starch or sugar 

arc obtained as by-product during the lermc 

in the manufacture ot alcohol. 1 . oas with a 

Physical Properties. Carbon Un^r'^ord'^ary pressures, 

faint pungent odour and slight acid taste. pressures the 

the gas is only slightly soluble m water but at nigi i 

solubility increases appreciably. 
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CARBON DIOXIDE 


Carbon dioxide when allowed to issue out of a cylinder, into a 
flannel bag tied to the nozzle of the cylinder, produces solid carbon 
dioxide, as a result of intense cooling {Joule^Thomson effect). This 
solid carbon dioxide sublimes at — 78*5® and hence the name dry ice. 
With ether it forms an excellent freezing mixture giving as low a 
temperature as — 110°. Carbon dioxide can be liquefied by cooling 
under a pressure of about 56 atmospheres at 20°. Its critical temperature 
is 311°. 

Chemical Properties. Carbon dioxide dissolves in water to a small 
extent giving carbonic acid and hence it behaves as a weak acid and 
forms salts with alkalies. 

CO, + H,0 H2CO3 

H.CO, + 2NaOH — ► NuaCOa + 2H2O 

With excess of CO2, the carbonate is converted into bicarbonate : 

Na.COa + CO2 + H,0 — 2NaHC03 

Similarly, with lime water, it gives a white precipitate due to the 
formation of insoluble calcium carbonate which dissolves as bicarbonate 
on passing a further quantity of the gas. 

Ca(OH), + COo — CaCO.., + H.O 

Lime water While ppt. 

CaCO.j H- CO, + H,0 — CafHCO,), 

Soluble 


Carbon dioNide is neither combustible nora supporter of combustion. 
Thus, a burning splinter when introduced into the gas, gets extinguished. 

But, burning magnesium, sodium or potassium continues burning in 
the gas resulting in the decomposition of the gas, to give carbon. 

CO, i- 2Mg — ► 2MgO + C 

CO-, + 4Na 2Na20 + C 

NaoO + CO, Na,C03 

Wlicn heated with red hot ciiarcoal it is reduced to carbon mono- 
xide-. 


CO, -}- C — 2CO 

I'lidor the action of chlorophyll and sunlight, the plants take up 
carb >11 dioxide and liberate oxygon with the simultaneous production 
of '-i;irch and other carbohydrates. The process is known as photo- 
synthesis. 


6n CO, -f 5n H,0 


Chlorophyll 

Sunlight 


(CoHmOj);} + 6n O, 

Starch 


I'sts. (/) It is 
firo-e.xtingiitshers. 
of a strong iron vc 


used in extinguishing fire. There arc two kinds of 
The first type, known as the acid-soda type, consists 
sscl containing concentrated solution of sodium bicar- 
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bonate. ,A -all glass^^e <^taimng 
Ihc ground Jhca th^cork bottle 

nte!"|ve?nm ^1^ carbU dioxide bu. abo a fine precipitate of 
aluminium hydroxide. 

Al 2 (SO,)s + CNaHCO, — 2Al(OH), + 3Na,SO, + 6CO. 

siSiSSSiSB^Si'^^ 

their contact with the air. . ; 

■ („) Carbon dioxide is used in 

taken of its increased solubility .n water under 

(nV) Solid carbon dioxide (r/ry -ce) ,s u«d m f.eenng m.xtnres 

giving very low temperatures and as a gcimici . c-ubon 

(/V) A mixture containing 97 per cent oxygen and 3 per CON carbon 

dioxide is used for artificial respiration. 

QUESTIONS 

Describe .be various .ncihods for the preparation of carbon ntonoxttie. 
Discuss it, important properttes anti uses. ,,, 

2, How is carbon monoxide prepare' ■ -P Carbon dioxtde-. What tests 

methyl alcohol (2) Phosgene (3) Pormu aciu 

would you apply for the gas ? r...eh,xn .hovidc. Disems 

3 Describe the various methods lor the preparation o 
its important properttes and uses. ^ 

4. How is carbon dioxide prepared on .'i large scale . 
this be pul? How can it be convcrl- 

5 Describe the laboratory of carbon monoxide 

ed into carbon monoxide V Discuss the reduetne propert 


and 


^10 carbon monoxide : ...v .vx-x.- .. ^hal is dry ice 

6. How is carbon carbon dioxide as a lire cxtingui^her. 

to what use is it put ? Discuss the use ol earn 



CHAPTER XIV {A) 


SILVER 


history. Silver has been known since the ancient times. It was 
called and was represented by a Fymlx>l as for the crescent moon. 
Romans called it argentine which has given the symbol Ag to the metal. 

Occurrence. Silver occurs native in a few places in Canada, United 
States of America and Mexico with varying amounts of copper and gold. 
Its most important ores are : 


Argentite (silver glance) Ag^S 

Horn silver AgCl 

Pyrargyrite {Ruby silver) Ag^SbSa 

ores are mixed with a large amount of rock, silica and clay, 
ihe silver content hardly exceeds 1 per cent. 

Lead and copper ores are generally contaminated with silver. 
Argentiferous galena (PbS) contains 0*01 to 0*1% silver. The anode 
rnud from copper refineries also contains workable quantities of 

Sliver. 


Extraction. There are many processes for the extraction of silver 
Irom various ores. The chief of these are as follows : 


1. Cyanide process. In this process the finely powdered ore is 
leaded lor several hours with a dilute (0-5%) solution of sodium 
cyanid.*, the mixture being all the while agitated by a current of air. 
Mdaihc siher chloride and silver .sulphide all pass into solution with 
the lorniation ol the complex sodium argento cyanide, Na[Ag(CN)«]. 

4Ag + SNaCN 2\^X> O., (air) — 4Na[Ag(CN)J + 4NaOH 

AgCI -L 2NaCN ^ Na[Ag(CN),] + NaCI 

Ag.S + 4NaCN 2Na[Ag(CN)2] + NagS 


Sodium sulphide is al 
by the air current. 


the same time largely oxidized to sodium sulphate 


4Na2S -h 2H,0 


-150.. (air) 
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The solution containing the silver complex is removed and trL 
with zinc dust when silver precipitates out. 

2Na[Ag(CN),] + Zn — Na,[Zn(CN),] + 2Ag 

The precipitated silver is finally fused with borax or potass.um 

"“T ‘LXrUation of lead. The lead /rom gal^a 

contains about one per cent of sdver winch can be prohtaniy 

the following processes : , , jc rolled 

(i) Pattinson process. The molten ""stag-s and the 

slowly when crystals of in silver until it contain^ 

melt progressively Vecomes richer and 1. solidities at 

2-6% silver when an eutectic mixture o practically 

303^ Pattinson’s method for the des.lvcr.saiion .. I 

obsolete. , 

(lO Parke’s process. This process is ^rino^c 

and is now largely employed, it is based on i c ' . ‘ ^inc and 

soluble in molten zinc than atcentiferous lead is melted 

molten lead are practically immiscible. The 8 . j. ihe 

and thoroughly mixed with 1 to 2 per of silver witl^ it. 

molten zinc rises to the top carrying almost ^ -.k pj-j-foralcd spoons 
On cooling, zinc solidifies first and is skimmed . jiyor alloy is heated 
while the lead is still in molten state. The - strongly 

first moderately so as to melt any ead adhering to ana 

in clay retorts when zinc distils olT leaving sil „,,ritv It 

The silver obtained above still contains 'shallow dish or’bonc- 

s melted and strongly heated in a cupel ^h <- reverberatory furnace 
ash placed on the removable hearth of a reverberate y 



Fig. 14(A).I. CupclhUion. 

14(A). 1) under a blast o*. p surface'^oTsilver appears, 

eh is removed by air and the shining surface ol 


step is called cupeHation. 

Purification of Silver. The silver to 
and made the anodes of an electrolytic 


be refined is cmivcr.ed into 
cell. Cathodes used arc 


PbO, 

This 

blocks 

made 
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PROPERTIES OF SILVER 


acid r solution of silver nitrate, with about 1% nitric 

fhennnd I^iinng electrolysis, silver dissolves from 

in the on the cathodes. Any impurity of copper 

remains undis- 

if the ennn “s a slimc. The solution in the cell is changed 

If the copper present in it exceeds 4— 5 per cent. 

and*"durH?i ® lustrous metal, highly malleable 

has a den hv o^‘n llectricity. It 

causing violent spurting. This 

it if’klTown chemical activity. Therefore, 

propertier- Me its chief chemical 

whi'?exno^‘eTtn '■" by air or moisture. But 

turns W-w ^1 “"taming even traces of hydrogen sulphide, it 

Its surfilec ® formation of a thin layer of silver sulphide on 

halieen'^nnl’®,? '’“’‘’ecus. When heated strongly in a current of 

halogen gas or vapour, it forms the corresponding halides, c.g., 

2Ag 4- Cla 2AgCI 

^.SUlTpSa;;';. K™. 

2Ag 4- S AgoS 

acid^s‘l>^hvH?o**M - "O' attacked by non-oxidizing 

reacts with nltrV^ sulphuric acid. However, it 

nitrate ailS s?lveTs.;rp^,:"4p“ t™'"'* 


3Ag + 4HNO3 (dil.) 
Ag 4- 2HNO') (cone.) 
2Ag 4- 2H0SO4 (cone.) 


3AgN03 

AgNOa 

Ag2S04 


+ 2H2O 4- 
-f HoO 4- 
+ 2H2O 4- 


NO 

NO2 

SO. 


t>r pota'^sium ^**''^*' dissolves in sodium cyanide 

co4iex"rg"n?Side to the formation'of the 

2Ag 4- H..O 4-^0. 2Ac+ 4- 20H" 

~ ^ “ [Ag(CN),l- 

4- HoO -)- iOo -f 


2 Ag 


4CN- ^ 2 fAelCNk]- 


20H 


decoration piices, etc.' As sdver hselfTs rat?' ^''''C'’ "'"re. 

it is alloyed with copper. The silver allov Purposes 

about 80 per cent silver and 20 per ce?u copper. “n*"'" 
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(2) Silver is used in plating articles mjide of 
article to be silver-plated is made the “‘hfe 'vhile >he ^ 
of pure silver. The bath contains a solution of 
cyanide, K[Ag(CN)..]. As the comple.s ion ,s very stable the co.u.n 

tration of silver ion (Ag-) in solution is very small at any imu. 


[Ag(CN),r 

Therefore, silver is deposited more slowly and uniformly than from a 
solution of silver nitrate. 

(3) Its compounds are used in silvering of mirrors and in photo- 
graphy. 

Silver Nitrate, AgNO,. This is the most important compound of 
silver. It is obtained by dissolving silver m dilute nitric acid. 


3Ag + 4 HNO 3 — »- 3AgN03 + NO + 2HoO 

On evaporating the solution, colourless crystals of silver nitrate are 
deposited. 

Silver nitrate, when pure, is not decomposed by light but when it is 
deposited on an organic matter such as paper or cloth or s in, ^ 
reduced to silver. It is. ihcicforc, used in marking clothes ^hcn. t 
leaves a mark of black silver on the material. When rubbed on tlu skin. 

it leaves a black deposit. It is, therefore, used as a 

surgery. Hence, it is also known as lunar caustic. It is soiubie m wat^r. 

On healing, it decomposes giving nitrogen dioxide and oxygen. 


2AgN03 — ► 2Ag + 2 NO 2 + O. 

It forms the complex [AgCNH^),]" when 
ammonia. In this form, it is readily to metallic silve^ 

reducing compounds. Ammoniacal silver nitrate is, ^ J" .. .rini; 

testingibraldchydes, formates, and glucose, as well as m the silv.n g 

of mirrors. 

When acetylene is passed through ammoniacal silver nitrate a white 
precipitate of silver acetylide is formed. 


CMz + 2AgN03 -t- 2NH:, 


Ag-A +2NH,N03 

While DDt. 


Silver nitrate is used as a valuable laboratory reagent m quaiitati« 
as well as quantitative analysis. It gives P'’«^Titatcswuh halides (cxcep^ 
fluorides), cyanides, chromates, phosphates, etc. ei . -ii,. ... ,.,11 

added to a neutral solution of an organic acid, the '"“'“b ,,.11 c 
of the acid is obtained. On igniting, it leaves ‘I;, ' ‘ 

silver. This reaction provides a method for "if '’s 

weights of organic acids. Silver nitrate is used > t ‘ csiimaiiiig 

for estimating chloride ions and in voluinctnc a y 

chloride, bromide and cyanide ions. 
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SILVERING OF MIRRORS 


Tests for Silver Compounds. 

chromL-XcrU, wW^hTs soLblofoth in'nLr, field 

SILVERING OF MIRRORS 

clean Bl ilfnf', “"'''"'■m layer of silver on a 

ni^rte ^Infil? f reduction of ammoniacal silver 

of rf^es lre in us^’" ^ 

solm'l'ofl ''™ solutions are prepared. One 

n iTnrf o™ I'l ■ ” ■ The solution is boiled until it changes 

into i^rt-y. h is hlicred and the volume made upio 750 ml 

-r'-»'-o.risfiiteL"^:;i is: 

cnuTlfnio.mffr''”? eqi'«l proportions and diluted by an 

is iorfuridv d K ‘ niean«hile, the glass plate to be silvered 

L v The mixture is then poured 

d^nos ed ofd'' ? ■" V'’'" sonietime, silver gets 

f bin nr r . ’’late, it IS then Washed and dried and finally eiven 

turpentmf " 

PHOTOGRAPHY 

1 he fact that silver salts arc sensitive to the action of light is as old 

Pio the photography in its crude and 

uh y Started only in the beginning of the nineteenth century, 

so.lr n, li" tbat silver chloride was soluble in 

SOUKin^ 111 U>NUlph;ilo. 

cu^sTl.Vbei'^w pilotograpity involves a number of steps as briefly dis- 

:*re u^tl'dTnh*'"" ^7**'‘t''vc plate. Glass plates (or films of celluloid) 
Vl^ul lie en n!!] unulHon ol silver bromide ,n gelatin to get sensitive 

nitrate is mivcfl Iv i.'l " as follows : A gelatin solution of silver 

allowed to sr-in 1 ^ '* solution ol ammonium bromide and 

becoln'^nmlf^Lilnf cMoVigh^^^^^ S™"’ -d ‘'ms 

a camlrf r’!'"'-’ ‘*>'-■1' momentarilv e.xposed, in 

a camera, to the required object, the exact time of the exposure depend- 



SILVER 


123 


ing upon the speed of the plate and the intensity of light The decom- 
positPon of silver bromide into extremely small Particles ot s, ver takes 
^ace instantaneously. This gives a latent image f 

number of small particles of silver m a given area of the plate depends 

upon the intensity of light falling on that aiea. 


(3) Developing. The exposed plate having the latent image is thui 
placed in a developer which is a mixture of reducing agents such as 
potassium ferrous oxalate, hydroquinone or an alkaline solution ol pyro- 
eallol The function of the developer is to complete the reaction starred 
bv light ; the silver produced by light is supposed to act as a catalyst so 

that the reaction of the developer is more where more light has tallen. 

Silver bromide is reduced to silver and the plate shows black spots ot 
silver Gradually, these spots cover more and more area and make a 
coherent picture in which the bright portions appear dark and vice versa. 


OH 

1 

1 

OH 


O 

II 

+ 2HBr + Ag 

\/ 

II 

O 


Thus, the image becomes visible but there is a reversal of shade, that is. 
the bright portions of the object appear dark and vice versa. The deve- 
loped plate is, therefore, called a negative. 


(4) Fixing. The developed plate still contains some unreduced silver 
bromide which must be removed to avoid “fogging* (that is blackening 
of the entire plate on exposure to light). This is done by immersing the 
plate in a solution of hypo, that is, sodium thiosulphate. Silver bromide 
then disappears on account of the following reaction ; 


AgBr -f Na.S.Os — NafAgS.Oal + NaBr 

The plate is then thoroughly washed in water and dried. It is now 
no longer sensitive to light and can be taken out of the dark room 

and exposed to light. 


(5) Printing. The negative is now placed on a special printing 

paper in a frame and exposed to light. This paper has a lilm of siKci 
bromide in gelatin similar to that on a photographic plate, deposited 
on it. When light passes through the negative and com-s in coniaci 
with the paper, decomposition of silver bromide resulting in the deposi- 
tion of extremely minute particles of silver takes place. As tnc 

brighter areas of the negative permit the passage ol more light through 

them, there will be greater decomposition of silver on the concspoiuhng 
arcasof the paper which will, therefore, appear as dark. Ihe darker 
areas of the negative, on the other hand, will permit the passage of kss 
light through them, and consequently the corresponding areas o . 
paper will appear brighter in comparison. In this way, wc gu 
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paper a negative of the negative, that is, a positive print of the original 

object, he paper is then developed and fixed in the same manner as 
the negative. 

(6) Toning. In order to obtain better effects, the prints are ‘toned’ 

V D I” • HAuC!^, or potassium platinichloridc, 

K.jrtClc solution when silver goes in solution and a beautiful purple 
tint or stee grey tint is imparted to the photograph due to the deposit 
ot gold or platinum as the case may be : 


H(AuCUJ 
AUCI3 + 3 Ag 


HCl 4- AUCI3 
.lAgCl + Au 

Purple 


ELECTROPLATING 

Electroplating is an art of depositing a superior or a more noble 
metal on an inferior or a baser metal by means of electrolysis of an 

aqueous solution of a suitable electrolyte. For example, metals like iron 

\\hichare easily corroded by atmospheric air, moisture and carbon 

dioxide, are coated electrolytically with deposits of nickel or chromium 

\v 1 ikIi arc more resistant to ch:niical attack. Picture frames and machin- 

^hromium-plaied to protect them from corrosion 
and at the same time to give them a good polish. 

Sometimes, electroplating is done with a view to repairing worn out 
pans of a machinery. In such cases, the suitable metal is deposited 
electrolytically on the effected parts of the machinery. 

Electroplating is also done occasionally for ornamentation and 

decoration purposes. For example, several articles made of copper or 

Its alloys, such as table wares, decoration pieces, are coated with silver 
or gold. 

The electrolytic deposits are crj'stalline in nature. The crystals must 
c \cr> tine in order to get firm, coherent and uniform deposits. For 
IS purpose suitable electrolytes should be used in the electrolytic bath 

h have an appropriate value. The temperature 

.snouk ‘Uso be maintained at a proper level and the articles to be coated 

high a state of purity as possible. 
Inese conditions are briefly discussed below : 

Electrolytic hath. The electrolyte used in the electrolytic bath 
uepends upon the nature ol the mela! to be deposited. In copper plating, 

[nLiw •‘■'i r' 'f" ■ '! deposit is required, copper 

sulphate acidified with sulphuric acid is used. But. for finer deposits, an 

ajkahne solution of poia.sviumcuprocyanidc, K,.[Cu(CN)3]. is used. In 

^1 argentocyanide, K[Ag(CN).>], is used as the 

electrolyte. The substance dissociates in water as under : 

K[Ag(CN)3] K+ -b [Ag(CN)J- 
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The complex ion is highly stable. It dissociates only to a very' 
small extent as : 

[Ag(CN)3r Ag- + 2CN- 

Consequenlly, the concentration of silver ions at any time is very 
low and silver is deposited on the cathode as a coherent film of metal 
(instead of the crystalline metal formed when silver nitrate is used as the 
electrolyte). At the same time, the silver ion concentration in the 
solution remains more or less constant as electrolysis proceeds. 

For the same reason, in gold plating, the bath consists of a solution of 
potassium aurocyanide, K[Au(CN)J or potassium auricyanide, 
K[Au!CN).,]. The complex anion, e.g., [Au(CN);.]" is highly stable and 
furnishes a very low concentration of gold ions which also remains 
constant as electrolysis proceeds. 

In chromium plating, a solution of chromic acid mixed with a small 
amount of sulphuric acid is used. The chromate ions, CrO.,-', in this 
bath are first reduced to chromic ions, Cr^', which are then discharged 
at the cathode. As in the case of complex salts of silver and gold, 
the concentration of chromic ions always remains low and constant so 
as to give a firm and coherent film of chromium on the article to be 
chromium plated. 

In nickel plating, a solution of nickel ammonium sulphate mixed 
with some ammonium chloride and boric acid is used to get a firm and 
durable deposit of the metal. Ammonium chloride serves to increase 
the conductivity while boric acid acts as a bulfer to keep the variation 
in pH values to the minimum. 

Current density and temperature. The rate of deposition increases 
with increase in current density {i.e., current per unit area). Ho\ve\cr, 
if current density is increased beyond a certain limit, the deposit is no 
longer uniform or coherent. Besides, it becomes dark and much coarser 
crystals are deposited. For a good deposit, it is also necessary that 
the temperature of the bath should not be outside a certain limit. By 
experiments, a certain optimum value for current density and icmpcra- 
lure have been worked out for each cleclrolyle. For example, for 
sodium cuprocyanidc bath, the optimum current density lies between 
3*6 amperes per square foot and the optimum temperature is 45 . The 
optimum conditions for sodium argcntocyanidc bath arc 4 ampeiv sq. ft. 
of current density and 20 as the icmpcralurc. 

Cleaning the metal surface. For .smooth, bright and strong deposits, 
the surface upon which a layer of a noble metal is required, should be 
thoroughly e'eaned first mechanically by grinding or scratching (against 
a rough surface) or sand blasting and then chemically by treatment 
with hot alkalies (if the surface is greasy) or with dilute acids (if the 
surface has oxide films) or with organic solvents. 

The metal upon which the deposit is required is made the cathode 
while the anode consists of the metal (pure) which is to be deposited. 
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QUESTIONS 

1. Name the important ores of silver. Explain how silver is extracted from its ores. 
How does silver react with hydrochloric acid, sulphuric acid and nitric acid ? 

2. Describe the cyanide process for the extraction of silver. How is silver 
purified ? 


3. Describe the extraction of silver from argentiferous lead. Discuss the import- 
ant properties and uses of the metal. 

4. Describe Parke’s process for the desilverisalion of lead. What is meant by 
cupellation 7 

5. Describe the preparation, properties and uses of silver nitrate. 

6. \\ hat is lunar caustic ? Why is it so called ? Describe its preparation and 
properties. 

7. Describe in detail the process of photography explaining clearly the function of 
the de\eloper. N\ hat is meant by toning 7 

8. Write short ni>tes on : 

(1) Electroplating. (Jammu & Kashmir T.D.C. (/) 1967') 


(2) Sihering of mirrors. 

(3) Cupellation. 


{Jammu & Kashmir T.D.C. (/) I966i) 


y. Name the chief ores from which siher is obtained. Describe the cyanide 
process for its extraction. How it is refined 7 Jammu & Kashmir T.D.C. (/) 1967) 



CHAPTER XIV (B) 


MERCURY 


History. Mercury as metal was known even in 300 B.C. when 
Theophrastus is reported to have obtained it by rubbing cinnabar with 
vinegar in a brass pestle and mortar. Aristotle refers to it as quick sij\er. 
Pliny called it hydrargyrum. The present day symbol Hg has been derived 
from this word. 

Occurrence. Small quantities of mercury occur in free condition, 
disseminated in rocks. Its ore, cinnabar, HgS, is found chiefly in Spain 
and Italy. 

Extraction. Cinnabar (HgS) is taken and crushed dry and screened 
into two grades. The large size pieces, richer in the ore, arc sorted and 
subjected to a combined process of roasting and distillation. 

HgS + O, — ► Hg + SO, 

Various types of furnaces have been used for this purpose but import- 
ant ones arc Idrian furnance and Shaft furnace. 

Idrian Furance. The ore is placed on perforated arches of the furnace 
(Fig. 14(B). 1) and is subjected to combustion in a free supply ol air. 
Sulphur dioxide, waste gases and mercury vapours arc led to the air-cool- 
ed condensing chambers on the sides. The metal condenses in these 
chambers as liquid and is tapped out. The condensers arc on each side. 



Fig. 14(B). 1. Klrian furnace for the extraction of mercury. 

They are interconnected altenalcly at top and the bottom. The last 
chamber on each side is cooled by a water spray. 
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PURIFICATION OF MERCURY 


Shaft furnace. This furnace is used when the ore is rather poor. It 


ORE Jt CHARCOAL 



is a continuous process and much 
more economical as compared to 
the Idrian furnace. A vertical 
section of the furnace is shown in 
Fig. 14.(B)2. It consists mainly of the 
reaction and condensing chambers. 
The reaction chamber is fitted with 
a hopper at the top and a 
series of sloping shelves which are 
fitted to the sides of the shafts (not 
shown in the figure.) The ore 
mixed with a small quantity of 
lime is fed from the top and hot 
gases from the furnace are made to 
pass in a countercurrent movement of 
the ore. In the reaction chamber 
cinnabar decomposes to form mercury 
metal. 


4HgS + 4CaO ^ 4Hg + CaSO^ 4- 3CaS 

The waste gases along with mercury vapours are led into the condens- 
ing chambers, where mercury condenses, and is occasionally removed. 
Spent ore along with calcium sulphide and calcium sulphate is removed 
In'in lime to time from the base of the reaction chamber. 

Purification. Mercury thus obtained contains iron and zinc as the 
mam impiintics. Some dust particles and mercury oxide arc also present 
mthelorm ot a scum which, however, can be removed by squeezing 
mercury through chamois leather. ^ 


file following methods are employed for 
fiirii ei purilicaiion : 

(li 1 1 c (I! nun t with dilute nitric acid. 
NKiciiry i- allowed to drop in a stream of 
Itu ; droplets ihri>ugh a column (Fig. I4( B) 3) 
comaining diiiuc nitric acid of 1*1 specific 
gr..\iiy. Some mercurous nitrate is produced 
\yhich reads \siih the metal.s (zinc, iron, etc.) 
lorming ilicir nitrates (which pass in 
solution) leaxing mercury in pure state. 
The pioccxs repealed se\cral times 

to ensure ci nipiete removal of the ba.ser 
metals. 

(2) Wuuum disiillaiion. Mercury is b-st 
[Hirilicd by distillation. But at 'ordinary 

I ^ ft mercury is so .sironc 

that It IS not possible to distil it. However 

at reduced pressure distillation is quite 

convenient. It is conducted in a specially 


IMPURE 
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f 


Dll HNO» 
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Fis- 14(B), 3. Purificatioo 
ofmcrcury. 
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designed apparatus where vacuum is maintained automatically. The 
process is continuous. 

Physical Properties. It is a silvery white metal and liquid at ordinary 
rnyMCdjr OH at — 38-85' to a crystalline solid which is 

mXable and duLile. It boils at 357 giving colourless vapour, the 
density of which show.s its molecules to be monoatomic Tht \dpours 
in cold do not conduct electricity but when hot they conduct clcclrKity 
well giving out characteristic mercury spectrum rich in ultra-violet ray. 
This fs the principle of mercury vapour lamp. It lorms amalgams with 

all metals except iron and platinum. 

Chemical Properties (I) Action of oxygen. Mercury is not attacked 
by oxygen or air at ordinary temperatures but when healed above 35(1 , 
it slowly combines with oxygen forming mercuric oxide. 

2Hg + O-, — ► 2HgO 

(2) Action of halogens. Mercury combines readily with halogens 
forming the halides, for example, 

Hg + CL — ► HgCL 

(3) Action of acids. Mercury is not attacked by dilute hydrocidoric 
acid and sulphuric acid in cold but hot concentrated sulphuric acid reads 
with mercury to form mercurous sulphate and sulphur dioxide. 

2Hg + H,;S04 — HguSO, + 2H 

H,SO, — ^ H,0 + SO, O 

2H + O — » H.O 

~^ He~ 2 H,S 04 — Hg.SQ^ ^ 2H..O^^jQj 

With excess of acid, mercurous sulphate is further oxidised to mercuiic 

sulphate. 

H,SO, — H.O + SC, + O 
Hg.SO, 4- H .SO. d- p — * 2HgSOj -t^P 
^Hg'aSO. + 2H.SO. — * 2HgSO. 


SO. -I- 2 H .O 


The reaction w.th nitric acid is quite complicated. The product, 
obtained depend upon the temperature and concentration ol the acid, 
wirm dilute nitric acid forms mercurous nitrate and nunc oxide. 

^ 2HN03 — HgTNO.).. -r 2H [x31 
2HNO:j — ♦ H,0 + 2NO + 30 

6H + 3(0) — 3HoO 


2Hg 


6Hg - 8HNO:t 


3Hg.(NO;,), - 4H.O ^ 2N() 


With concentrated nitric acid, mercuric nitrate is formed and nitrogen 
dioxide is evolved. 

2HNO., — ► ILO + 2N0u + O 

Hg O j 2HNO. ^ Hg(N0:J.,_-r_Hi0 

4HNO;, 



HihNO:,)-. -I- 2~N().. ^2H..() 


130 


MERCURIC CHLORIDE 


fr ^ th^rm^m^ters. manorasters, vacuum 

of ul^ivioTet* vapour lamps are used as a source 

of i Itraviolet light. Mercury and its compounds are extensively used in 

of various metals are used for producing hydrogen 

o Tsfe electrode in a number of elecu-ol^c 

HgXI,. It is prepared by mixing 
solution of a chloride with a soluble mercurous salt. ^ 

Hg.INOa), + 2NaCl HgoCI, + 2 NaN 03 

ft can also be prepared by heating mercuric chlor de and mercurv 

HgCl. + Hg ► Hg^Cla 

or snHr'Tis msih.v any taste 

or sm.ii. It IS insolub.e in water. When heated dry it sublimes The 

vapour on heating decompose to give mercuric chloHde and mercury. 

HgXi, ► HgCl, + Hg 

On treatment with ammonia it gets blackened This is due tn the 
formation of a compound of the formula HaN.Hg'HgCI. 

Hg,Cl, + 2NH, H 3 N.Hg.HgCI + NH,C1 


H..N.Hg.HgCI 


H3N.Hg.CI + Hg 


H, It is also used 

Seating ntercury in 

sulplKitc and sodium chforid- a'^id'^ °f mercuric 

- and a small amount of manganese dioxide. 

Hg -f CI2 — ^ HgCIo 

M , . , , + 2'^''*^' — HgCl3 + Na3SO, 

Mciciirit. tliioiiJe formed sublimec t^fr -ri r • 

dio\id.‘ 1 . 10 oxidise anv ^ function of manganese 

It is al.t* piep:ired hv dissoivino ‘ f^L^med during the reaction, 

i o nv di.s.oUnig m.'rcunc ox.d3 in hydrochloric acid. 

HgC -r 2HCI HgCl 3 4- H 3 O 

sublimatt tl'-'refo.-c. known as corrosive 

water. It is very shghtl/ Tonked^'Tn*^**-'"^ compound fairly soluble in 
conductor of electricity ^ It bdrives and therefore, is a poor 

soluble in organic solvents. It' is redurpH covalent compound and is 

by stannous chloride. niercurous chloride readily 


2HgCl2 d- SnCIo 


Hg.CL 4 SnCI 
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If stannous chloride is in excess, mercury is formed. 

Hg 2 Cl 2 + SnCl. — SnCI^ -f 2Hg 

When aqueous ammonia is added to a solution of mercuric chloride, a 
white precipitate which is infusible and is known as '“infusible white 
precipitate”— an aminobasic mercuric compound, is formed. 

HgCla + 2 NH 3 — Hg(NH.)Cl + NH^Cl 
Mercuric chloride is a strong poison. The best antidote is the white 
of an egg. 


TESTS FOR MERCURY COMPOUNDS 

1 . When a compound of mercury is heated along with sodium carbonate in an 
ignition lube, mercury separates out as a grey deposit. 

2. Merr.troui iorti-, (/) When dilute hydrochloric acid is .ndded to the 

solution of a mercurous salt, a white precipitate is obtained. It is blackened by 
ammonia. 

(/') The addition of ammonium hydroxide to a mercurous salt gives a black 
prec'pituie. 

(Hi) The addition of stannous chloride, produces a greyish black precipitate of 
mercury. 

3. Mercuric ions. ^ ( 1 ) Whm HoS is passed through the solution of mercuric 
salt, a preeipitaie, isoluble in yellow ammonium sulphide, as well as in 50 „ nitric 
acid, is obtianed. 

(i7) The addition of stannous chloride produces first a white precipitate of 
mercurous chloride. 

(Hi) The addition of potassium iodide solution gives a reddish precipitate soluble 
in excess of potassium iodide. 


QUESTIONS 

1. How is mercury obtained ? How is it refined ? Give its properties and uses. 

■y Dpscrih*; in dtitails how purc mcrcury is obtained from cinnabar. Ho\s does it 
rcac?witM«> chlorine (u) sulphuric add and (///) nitric add V Mention its important 

*^"' 3 . How will you prepare a pure sample of mercuric chloride ? Discuss the 
reactions of mercuric chloride with ammonia and potassium iodide. 

4. Describe the preparation, properties and uses of calomel. 


CHAPTER XIV (c) 


TIN 


History. Tin and its various alloys have been known since ancient 

times. Homer has mentioned this metal as kassiteros. The similarity 

between Greek word kassiteros and Sanskrit word ^castira' has been 

used as an argument in favour of the eastern origin of the metal. 

Romans called it ‘stannum’ from which the modern symbol, Sn, has been 
derived. 


Occurrence. Tin docs not occur free in nature. Its chief source is 

the ore a;.v.9/;er//c, SnO.. also known as tin stone. It also exists along 

with the pynie ores of copper, iron and zinc but is rarely extracted out 
o| them. 


Txtraction. The extraction of tin 
conducted through tlic following stages 

Concentration. Tin stone contains 
The rest is worthless gangue material, 
is an isomorphous mixture of ferrous 
pyrites, etc. 


metal from cassiterite (SnO.j) is 

from 0-5 to 10 per cent of SnO.. 
It also contains wolfram which 
and manganous tungstates, iron 


fin stones are crushed and powdered. The worthless gangue material 

is separated by washing in a stream 
of water. The heavier ore particles 
settle to the bottom while the lighter 
silicious material is washed away. 
Wolfram, however, has the same 
density as tin stone and hence can- 
not be removed by gravity. Its 
separation is done b\ electromagnetic 
means. The electromagnetic 
separator is shown in Fig. 14.(0 1. It 
consists of a travelling belt moving 
over r<>]lcrs one of wliich is electro- 
nuigrietic. The pov\dered ore is 
dropped over the travelling belt. 

, . ''olfram being magnetic, falls 

n a separate heap near to the magnet while the stannic oxide remains 
undeflected and collects in a dilferent heap, a little farther off 



i.l.K 


4 • 


I 




Fig. 14.(C >1. Magnetic scpitniior. 
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Roasting. The concentrated ore is roasted in a large rotary furnace 
which is slowly heated in the beginning in free access of air to oxidise 
sulphur to sulphur dioxide and arsenic to arsenious oxide, which 

volatilises off. 

Smelting. The roasted ore is mixed with anthracite in the ratio of 
1 ; 4 and subjected to heat in a reverberatory furnace when tin oxide 

is reduced to the metal. 


SnOa + 2C — ► Sn + 2CO 

A small amount of lime Is also added as a flux which removes the 
silica (SiOa) present as calcium silicate slag. The molten metal is tapped 
out of the furnace. 

Refining. Tin obtained from the reverberatory furnace is crude and 
contains iron, sulphur, arsenic and tungsten as chief impurities. Its 
refining is done in two stages : 


(/) Liquation. It consists in 
heating the crude tin metal on the 
sloping hearth of a reverberatory 
furnace (Fig. 14 (C)2. On account of 
its low melting point, tin melts 
earlier and flows down while iron 
and tungsten along with some tin 
are left behind. Arsenic and sulphur 
burn and volatilize off as oxides. 
The tin thus obtained still retains 
some impurities and is called />/g 
tin. The process is again repeated 
in another similar reverberatory 
furnace when pure tin melts more 
readily at 232X, and flows down the 


CHARGE 



Fig. 14(C)2. Liquation process. 


hearth and is collected in a cast iron vessel. 

(ii) Poling. Further purification is brought about by poling. For 
this purpose the molten metal is taken in a big pot stirred by ^ 

of wood. Any tin oxide left unreduced is now reduced by the hydro- 
carbons of the wood. 

Properties of Tin. Physical Properties. (1) Tin has a silvery white 

lustre which does not tarnish on exposure to air. 

(2) Tin exists in three allotropic forms : grey, while, rhombic. The 

transition temperatures are as below : 

18'’ 161'’ 

Grey White Rhombic 

The densities of the three forms arc 5-74, 7'32 and 6'55 respectively. 
White tin is not only the heaviest but also the most stable variety. 

The conversion of white tin into grey tin at 18^, the transition tempe- 
rature, is exceedingly slow. However, if the 

—50", and a small amount of grey tin is already present, the ^onNasi^ 
becomes very rapid. This conversion is known as tin pest or tin disease. 
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PROPERTIES OF TIN 


3. White tin is malleable but not ductile. It becomes brittle when 
heated at 200"'. 

4. When bent, the metal produces a cracking noise which is called 
tin cry. This is due to rubbing of crystals over one another. 

5. The metal melts at a relatively low temperature of 232*“, but boils 
at a relatively high temperature of 2260"“. 

Chemical Properties. (1) Action of air. At ordinary temperature 
air has no action on tin but when heated to whiteness (1500 — 1600®) 
in the presence of oxygen it burns with a bright flame giving stannic 
oxide. 


Sn 4- Oi — ► SnOa 

(2) Action of halogens and sulphur. If the metal is heated in the 
atmosphere of chlorine or sulphur vapour, it readily combines to form 
stannic chloride and sulphide respectively. 

Sn + 2Cl, — ► SnCU 
Sn + 2S — ► SnSa 

(3) Action of acids. Tin is slowly attacked by dilute hydrochloric 
acid but the reaction becomes rapid on heating with concentrated 
hydrochloric acid forming stannous chloride and evolving hydrogen. 

Sn 4- 2HCI SnCI., 4 - H. 

Dilute sulphuric acid has no action but hot concentrated acid dissolves 
the metal forming stannous sulphate and evolving sulphur dioxide. 

Sn 4- 2H,S04 — SnSOi + SO^ 4- 2H:.0 

Dilute nitric acid attacks the metal forming stannous nitrate and ammon- 
ium nitrate. 


4Sn 4- lOHNO, — 4Sn(N03). + NHjN034- SHoO 

Hot concentrated nitric acid produces copious fumes of nitrogen dioxide 
and mctastunnic acid. 

Sn 4- 4HNO3 HaSnOa + 4NOa 4- HoO 

Organic acids have no action. 

(1) Action of alkalies. When the metal is heated with alkali solutions 
it react.s to evolve h>drogcn and to form stannites which change into 
siaiinulcs on oxidation by atmospheric oxygen 

Sn 4- 2NaOH — Na.SnO., + H., 

Sodium stannit? 

2Na.;SnOa 4- ■» 2NaoSn03 

Sodium stannate 
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Ikes fll Tin is used in th^ prcparacion of a number of alloys such 
as solder, britannia metal, white metal, etc. The names, comro^iiion 
and uses of tin alloys are given m Table 14(0.1. 

TABLE 14(().l 

Tin Alloys 


Name 

Percentage composition 

I'scs 

Solder 

Pewter 

Bahbit metal 
Britannia metal 
White metal 

Bell metal 

Rose metal 

Sn 67r’ Pb .^3"., 

Sn 75", . Pb 25'',. 

Sn 90"„ Sb 1\ Cxi ri. 

Sn 90«„ Sb 8“„ Cu 2''.. 

Sn 82'',, Sb 12'',. Cu 6"„ 

Sn 22% Cu 78''.. 

Sn To Pb 48'‘„ Bi 50"„ 

soldering. 

nuikinc cup^- mugs ard 
oth' r utensils. 

For bearings and niichiner> 
for making table wares. 

For making table w.ires. 

For making bells, gongs, etc. 
For electric fuses. 


cs 


••• 4 • 

and various ointments. 

(3) The metal is extensively used in tinning brass utensils. The 
ve. el to b^tinned is perfectly cleaned ^^nd heated A pmcl o 

the vessel is immediately dipped m cold water. 

f4) It is largely used in forming a protective coaling mcr iron- 

and other similar articles. 

( 5 ) Tin amalgam is used in making mirrors. 

(6) Tin foil is used for wrapping cigarellcs and other articles. 

A' Whi*n 'I tin compourd is hcriicd in ^ clmrco«il CtuilN it 
Jtfe tor WUIV an mcr^statlon which is yellow when ho, and whhc 

when cold. 

Stannous compounds. 

sulphide. 

(it) Mercuric chloride is reduced first to a while precipiuitc of mercurous chloride 
and then to metallic mercury. 
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Stannic compounds. 

(/) When hydrogen sulphide is passed through a solution of a stannic salt, a 
yellow precipitate of stannic sulphide is formed. It is soluble in yellow as well as in 
ordinary ammonium sulphide. 

(it) Mercuric chloride does not give any precipitate. 

QUESTIONS 

1 . How does tin occur in nature ? How is it extracted from tin stone ? Describe 
the action of the following on tin : 

(1) Nitric acid (2) Sulphuric acid (3) Sodium hydroxide (4) Chlorine 

2. Name the various alltropic forms of tin. Describe the action of (0 Nitric 
acid (//) Hydrochloric acid (//*) Sulphuric acid and (iV) Sodium hydroxide on tin. 

3. In what two forms tin occurs and what condition determines their stability? 

How would you obtain from tin : (a) stannic oxide (6) stannous oxide. In what respects 
these two compounds resemble and differ from the corresponding compounds of 
lead ? {Pan jab Inter 196G) 


CHAPTER XIV {D) 


aluminium 


, OccurrenM. '''" 

.distl ibuted element. It is present \o me 

Ts 'impurrixTae, commonly known^_a^, alumina, A1 A, m 

,,) AS silicates in crystalline rocL, like filspar. clay fknounj, 
mica And slate etc. r aip-i 

(,•;/) As fluoride in the form of cryo/jm Na^AlF^. 1847 by 

^^aA’i^l.'an^Oo'bySn'g M with sodmm.^ 

NaAlCIi 4- 3Na »■ A1 + modern methods 

However these methods were very Heroult and Hall. 

^ Id r' these ntethods. The process Involves 

following processes . „i,b sodium 

aluminate. .xj.oH 2NaAlO, + SH^O 

A1A-2H20 + 2NaOH Sodium aluminalc 

. Me silica etc,, being insoluble, settle down and are 
whereas ferric oxide, silica 
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extraction of aluminium 


removed by filtration. The sodium aluminate solution is agitated with 

sodium aluminate 

Changes to aluminium hydroxide due to hydrolysis. 

NaAIO.^ + 2H.^O — ► NaOH + Al(OH )3 i 

d ofi". washed and ignited. The filtrate 
Shy an®d ?s rd a^:;" >i" ** ‘>g-n acquires 1-45: 

® process. This process is used when bauxite contains- 
aniount of silica as an impurity. The process has one 
able by-produc?^*^ involves tiie formation of ammonia as a valu- 

alumiZnf ^ nitrogen when 

aluminium nitride is formed, 

AUO 3 + 3C +Nn ► 2AIN + 3CO 

which is subsequently decomposed by water. 

AIN -J 3H,0 — s. AKOHhi f- NH 3 

r .rh^?, process. Bauxite is heated to bright redness with sodium 

carbonate when alumina, being amphoteric in character, dissolves to- 
rorn. sodium meta-alummate, which is then extracted with water • silica 
and iron oxide are left as residue. ’ 

A1.,03.2H30 -} NunCOa — > 2NaA102 -f SHjO -f COg 

Carbon dio.xide is pas.sed through the sodium meta-aluminatc 
solution when aluminium hydroxide is precipitated. 

2NaA103 + CO 3 4- 3 H 3 O — . 2 Al(OH )3 i + Na^COa 
The solution containing sodium carbonate is concentrated and used 

agiiin, 

at hydroxide formed by any of the above methods is ignited 

at iMK) to get alumina. ^ 

2AI(OH):, — AI.O 3 + 3 H 3 O 

10 ‘;1, «*■ Alumina. Pure alumina is reduced 

inLialhc ihiminiuni by electrolysing its solution in fused cryolite 

aw eun ciirbon electrodes in a large electrolytic cell. The cell coLists 
‘>1 an lu^n bo.\, measuring 6’ X 3' x 3' (Fie 14tni 11 It ic iinc^ o 

The eleclroKtc is a solution of alumina in fused cr,'o//7e Na,AlF 
I ha a.u des are immersed in the bath at the desired depth. 

T'l ^''f the bath is maintained at 875 — 953® 

iiring the electrolysis, oxygen from alumina reacts with carbon to give- 
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carbon monoxide and carbon dioxide. The relative proportion of the 

« n n 



Fig. 14(0). 1. ElcclrolysU ol alumina. 

two gases in the gaseous rion"X‘’boUom of t'he 

bath Aluminium is deposited at the cathtd. aum, tut 

bath and is tapped off from time to time. 

The charge is covered with a layer of powdered coke to 

losses by radiation. 

When alumina has been ^^--‘throu^h^ie “s 

wnnccted?np^^^^^ 

more charge (alumina) should be added. 

Refining of Aluminium, it is done clectrolyt.cally by lloorcs process. 
The refining cell consists of three fuse aya^ 


^•ccic/t^ 

CRUDE 

aluminium 


H P^:-T-- -• -_PUttfc AL UMINIUM 

"ruSECMlxf Ul^ OF F^ORID^Sg 

- Al eJsr ALLOV - 






dcccxe^ 




■/, 





Fig 14(D) 2. Purification of alurr.mum 

(0 The bottom^ode l^er ome^,alioy o^al^niu^ » -d 

silicon (n) oure m^l The cell is made of iron box 

;|;“crwhf carbon' T^ 

Fig. 14(D).2. 
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PROPERTIES OF ALUMINIUM 


ions from tbe fused mixture are 
uiscftarged at the cathode as pure aluminium which rises to the surface. 
At me same time an equivalent amount of aluminium from the alloy 
fZnu solution in the middle layer containing the electrolyte. The 
impurities of copper, etc., remain below. 

Aluminium is a bluish white metal having a 

of an oxiltl 1 'S destroyed due to the formation 

sheets fofrJ a®'^ - * malleable and ductile and can be rolled into 

cScfor of g'’- 2-7). It is a good 

conductor of heat and electricity. It melts at 659° and boils at 1800°. 

by p?rl'dl'v^-.f/3'’““ ■ ' ^ ®‘''- Aluminium is not affected 

which nrnfeAo .u”* ® ^ Oxide is formed at the surface, 

oxveen B?vfnI n h® n- <=o''rosion- It burns readily in 

-oxygen giving a brilliant light. 

4AI + 30o — » 2A1203 + 772 kcals, 

oxidation of aluminium is used in the 
nese elc^ ^ reduction of oxides of chromium, iron, manga- 

HnvvT'i "atcr. Pure aluminium is not affected by pure water, 

e . the impure form is readily corroded by water containinc' salts 
■It decomposes boiling water evolving hydrogen. coniainin^ sans. 

2AI + 6H,0 2AI(0H)3 + 3H3 

Aluminiiim-mcrcury couple is, therefore, used as a reducing agent. 

(3) Action of alkalies. Aluminium readily dissolves in alkalies 
such as sodium and potassium hydroxides evolving hydrogen and form- 
ing the corresponding aluminates. ^ 6 


2AI + 2NaOH + 2H..O 


2NaA103 + 3 H 2 
Sodium meia- 
aiumioatc 


li also dissv.lves in a hot concentrated solution of sodium Carbonate. 

2 A! + Nu,CO^ I- 3H,0 — > 2NaA10, + CO, + 3H., 

m diUue hyd;ochlorie 

2,\l + 6HCI — . 2AICI3 + 3H. 

nil hm oiicemruud sulphuric acid, sulphur dioxide is given out. 

2AI 4- 6H..S03 AI.3(SO,)a + 350. + 6H,0 

<- ''Hccii'rau-d nitric acid has no action. 


ALUMINIUM 


I4i: 

("S) Action of halogens and nitrogen. Aluminium when heated with 
halogens and with nitrogen gives aluminium halides and aluminium 

nitride respectively. 

2A1 + 3CU — ► 2AlC!j 

2A1 + N., 2AIN 

(6) Displacement of other metals Aluminium displaces copper, 
zinc and lead from the solutions of their salts, 

3 ZnS 04 + 2A1 — Al.fSO.la ^ 3Zn 

Uses (1) Aluminium, being very light is used in household 
utensils, aeroplane parts, precision and .urgica! instruments etc. 

2) Since Uisuna«ack.d by nitric acid, it ts used ,n chemical 

plants and also for transporting nitric acid. 

(3) Mixed with oil, it is used tn paints for steam pipes and oth.r 

"’"Ti “‘’iTuminium foil is used for packing chocolates cigarettes, etc. 

8! o, 

(8) fn eertah, forms such as felspar and mica, ,t ,s used m the 

“amc colloid., it is used for six.ng of paper. 
ThPrmJfP Welding The evolution of enormoui quantities o! heat m 

A mixture containing 3 parts ol urnt 
aluminium powder is placed ^ 

lined with magnesite and 

Fic 14(DJ.3. This is covered with a la>cr 
of a mixture of magnesium powder and 
b'ariumTeroxidi. with a magnesimn ribbon 
inserted into it to act as a fuse. * nc 
broken ends of a rail or a girder etc are 


Me RIBDO 


Mk POtt’OER 
fHaO, 


brought^^arer and thoroughly cleaned 

?,hSr'i^^cr:g^;tc7';he 

reaction 

2A1 + Fe,03 — A'sOs "v 

Starts producing a iremendous amount ol 
heat as a result of which the iron mens. 
This white hot molten iron j I'lP-^^s 
Irom the crucible into < 'e ^ .^.j, 

heated ends of the iron roJ'! 
actu illv melt and mix with Ihv moi cn 
metal add.d, giving a firm and strong weld. 



Al+Fi,Ot 
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QUESTIONS 


Potash Alum. KiS04.Al:.(S04)3.24H20. It occurs native as a 
result of the weathering of iron pyrites and alkali rocks. It is manufac- 
tured from alum shale which contains aluminium silicates and iron 
sulphide, FeSj. It is first roasted when iron sulphide is converted into 
sulphuric acid which ultimately forms aluminium sulphate. 

FeSa + HJD 4- 7(0) — ► FeS04 + H2S04 

AUGa-A-SiOo + 3 H 0 SO 4 — Al2(S04)3 + xSi02 + 3 H 2 O 


The clear supernatant liquid is concentrated; the iron salts being 
less soluble, settle down. To the solution is then added a calculated 
• quantity of potassium sulphate and the mixture crystallised. 

KSO, -f AL{S04)3 + 24H,0 — K,S04. Al2(S04)3. 24H20 

Potash alum is also manufactured from aliinite or alumstone 
K.SO AlofSOih- 4A!(0H 3. It is calcined and treated with sulphuric 
acid when the alr.minium hydroxide part changes into aluminium 
sulphate. A little more of potassium sulphate in calculated amount is 
added and the alum cr>'stalli:cd out. 


It is also prcparv,d by crystallising a hot concentrated solution of 
aluminium and potassium sulphates. 

Potasli alum melts at 92^ and loses all the water of crytallisation 
when heated at 200''C. 

Potash alum is used .as a mordant in dyeing and also for the purifi- 
cation of muddy water. 


Tests Tor Aluminium Compounds. 


1, When an aluminium compound is healed in a charcoal cavity, a while 
residue is obtained. On moistening it with aqueous cobalt nitrate and heating again 
a blue product, cobalt aluminate, is obtained. 

2. W hen ammonium liydroxidc is added to an aluminium salt in the presence 
of uiumoniutn chloride, a while gelatinous precipitate of aluminium hydroxide is 

oblaintd. 


y. 1 he addition (T se dium h\dro.xide to an aluminium 
niMi- pr'-wipiiaic but it di<i'ol\cs in excess of the alkali. 


salt gives a while gelali- 




4. I h.e adiliiion of ammonium 
ihv i'lLs.i ce of ali.'arin iii\es a pmk 


h>droxide to the solution of an aluminium salt 
‘lake like' precipitate. 


QUESTIONS 

I ^\l.ll.'.lJ the i!nrort.int ores of aluminium ? Describe how aluminium is 

C'l vl ! 1.'.'” h.lUMtC- 


4 


\ 


Ilou h.iUMi* puriTi.d ? Discribe how pure 
o! ■ iiie a-’.ion of liydrochlonc acid, nitric 

di.r 1:111.111. 


aluminium is obtained from 
acid and sodium hydroxide 


: III ' i' .il'iminiimi e\:r.i.’icd from its ores? Discuss its important uses. 

•I W' iia sliori nole^ i n : 


I) IlKTiUiie welding 
1 2) i-'ur’iuation of aluminium 
<-') I'l.niuatu'n of red bauxite. 


ei'ihe ihe prepar.tiion, pioperiics and uses of potash alum. 

(>. De^u•lbe the exira-.'iion of pine uiurainium from banxite. Explain the reactions 
invoKeil in the I'roeess- Write a brief note on uluminothermy. 

(Jammu & Kashmir T.D.C. (/) 1966) 


CHAPTER XIV (E) 


IRON 


History Iron is one of the seven elements (tin others b.'ing gold, 
ilvcr copper, mercury, lead and tin) known since ancient times. It 
ia> b*en used by man in small amounts for centuries but it is only in 
•ompaiatively recent years that it has gamed such importance in the 
vorld economy. The alchemists represented iron by the spear and 
hield ( )) symbol of Mars which they regarded as the god of war. 
Mthough it docs not occur free in nature, it can be easily recovered from 
is compounds on reduction with carbon. 

The processes of extraction of iron are supposed to have originated 
in the far East in the prehistoric times. The Romans are rep.^rted to 
have developed the industry in Spain. The modern methods had their 
beeinnings in Germany, about the middle of the fourteenth century, 
when blast furnaces were introduced, and later, in the early sixteenth 
centurv spread to England. Iron and steel industry was first started 
in India in Jamshedpur (Bihar) which soon developed into a big industr- 

concern known as the Tata Iron and Steel Company, Ltd. The 
nroductionof iron by the Indian Iron and Steel Company. Ltd., after 
Ce year", Ls take/ up a. Hirapur (Benga ). At present there arc 
?h?ee more plants, all in public sector under the care of the Ministry of 
Iron and Stiel in the Government of India each having a capacity of 
over a million tons of steel at Durgapur (Bengal) Bhilai (M.P ) and 
Rourkela (Bihar). Still another project known as Bokaro (Bengal) is m 

Occurrence. Iron occurs seldom in native (uncombined) form. Some 
balletic rocks are said to contain it in small quantdies. Many meteorites 
comain free iron alloyed with 2 to 5 per cent nickel. Iron compounds 
aro essential constituents of living matter. They are present in haemog- 
lobin of blood and chlorophyll ol plants. 

The most important ores of iron arc the oxides, carbonates and 
sulphides, listed below : 

( I ) /temur/te, Fc.Pi, (2) T/momte PFePa. 3HP 

(3) Magnelite or magnetic oxide ol iron, * ep.i 

(4) SWmro or spathic iron ore, FeCO, (5) Iron pynles, FeS, 
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METALLURGY OF IRON 


Iron pyrites occur abundantly but actually it is not a source of iron. 
It is iised^mostly as a source of sulphur for the manufacture of sulphuric 

Varieties of Iron. There are three main varieties of iron which are 
put to different industrial uses. The difference in their properties lies in 
the difference in their carbon and phosphorus contents. Wrought iron i| 
the purest form. Cast iron is the least pure and contains 2;5to4> 
per cent of carbon along with some sulphur, phosphorus, silicon and 

manganese. . - , 

The manufacture of cast iron will be described first as it is this variety 
from which the other two commercial forms are prepared. 

Metallurgy. The Principle. Iron is extracted chiefly from its oxide 
ore by healing in the presence of coke and limestone. At first the 
burning coke combines with oxygen to form carbon dioxide which 
reacts with more hot carbon to give carbon monoxide. 

C + O.. — ► CO 2 
CO. + C — ^ 2CO 

This carbon monoxide then reacts with the ferric oxide contained ia 
the ore giving iron and carbon dioxide. 

3CO + Fc.Oj — 2Fe + 3CO. 

Silica and other such consiiluenls in the ore are removed as calcium 
silicate slag on reacting with calcium oxide which results from the heat- 
ing of lime Slone. ^ 

CaCO, — ^ CaO + CO* 

CaO + SiO .2 — CaSiOa 

The Process The process involves the following stages : 

(/) ConceDtrat=on of the ore. The oxide (generally haematite) ore 
is spill into pieces about 1 inch in size and then washed with water to- 
renune clay. sand. etc. 

(//) Calcination. The ore is then calcined (heated strongly in the 
]ucscncc«'i air) to remove water as well as to decompose carbonates 
;Mid i>» burn otl'Milpluir and arsenic, if any. 

Nmcliing. Blast Furnace. The calcined ore is then smelted, /.e.,. 
;cdu..\! 'A. 'll curhon in ihc p.'-esence of a flux to remove silicon impuri- 
i,c- I I- done in a blast furnace shown in Fig. 14(E). I. It is a steel 
Miu.Mie lined wnh lirebricks, lOO feet high and 25 feet in diameter at 
h, w.uesi purl, li i> slighily narrow at the top and again at the bottom. 

I his r.iei'ii.ues a proper flow of ihc materials. 

i 1 ,^ lu' iKiee M iis base is provided with (/) small pipes called tuyeres 
( / I liiroiigli which hoi air is admilled. (//) a tapping hole (A) through 
wincii inollen iron c.in be w.ihdrawn and a slag hole {B), through which 
slau llow'. .nil, At ihe top. the I'lirnac-e carries a hopper (//), which rests 
over n <•’(/> iinJ anw ai rangement. This prevents the exit of gases during 
the sluiiging «•!' ihc furnace. 

Tlie charge, ca)nsisting of the calcined ore mi.xed with coke and lime- 
stone in ihe approximate ratio of 4 ; 2 : 1. is carried to the top of the 


IRON 


145 


.urnace and introduced in it by means^of the^cup and cone at. ngement. 
^hroSsh Z The™fXling reactions take place .n the furnace : 

oarbon dioxide. L. i- u-. 


CHARGe 


ooubl£ 

CUP « com 


SPONGY 

moN 



9LAG formed 


IRON MELTS 


Fig. J4(E).l. Blasl furnace. 

rhe‘^icr;^r;^‘^r:^'o“.J- 

reduced to form carbon^mon^x.dj. ^ 
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BLAST FURNACE 


Fe^Oa + CO — ► 2FeO + COg 

Ferrous oxide is then reduced to metallic iron at about 750®. 

2FeO H- 2CO — ► 2Fe -f 2 CO 2 

Both the above reactions are exothermic, evolving in all 8*5 kilocal. 
of heat. 

Iron produced at the prevailing temperature (750°) is in the solid state. 
But as It drops down gradually through the hotter portions of the furnace. 
It melts, dissolves some carbon, phosphorus and silica, and collects at the 
bottom, as cast iron. 

(/v) The limestone decomposes at this point to form carbon dioxide 
and lime. iooo« 

CaCOa — ► CaO + CO 2 

... combines with the silica of the ore to form a slag of calcium 

sjlicate. 


CaO + SiO. 

The molten slag settles down 
and, being lighter.forms a sepa- 
rate layer above the molten iron 
and protects it from oxidation. 
The two layers can be withdrawn 
through separate tapping holes 
A and B, as shown. 

The gas which leaves the 
lurnace at the top contains about 
25 per cent of carbon monoxide. 
It is burnt in special stoves (Cow- 
pci's stoves or preheaters) in 
excess of air. The heat thus 
produced is used in raising the 
temperature of the air blast that 
enters the furnace through the 
tuyeres, T. 

The various reactions taking 
place in tiK* blast furnace are 
shown in 1-ig, 14(E). 2. 

The molten metal withdrawn 
from live furnace is called pig 
i"i)ij [f contains 2'6 — 4'3 percent 
•’'carbv'n and Narying amounts 
ol iinn"incse. silicon, sulphur 
niul pliOsphorii It is convened 
|nm wri'ii^hi jpon or steel, or 
CU'I mt<» moulds which on re- 
mclone and recooling is called 
cast iron. 

I'ne slag withdrawm from the 
(iiriiuo.* through the separate 
lapping hole is put to several 


CaSiO^ 


I 
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uses, such as in road building, in production of cement and in the 
surfacing of railroads. 

The operation in the blast fuinace is almost continuous. The furnace 
is charged wdh about 2400 tons of iron ore. 1200 tons of coke and 600 
Ions of limestone a day. It would produce abaut 1200 tons of pig iron 

and 500 tons of slag every day. 

Prooerties and Lises of Cast Iron. Cast iron contains from 2 5 to 4-5 
T^ercmt carbon, 0 7 to 3 per cent silicon and small quantities of 
Phosphorus, sulphur and manganese. The cat bon is present partly as 
free carbon in the form of graphite and p.trlly m combination with iron 

FeX. When it is melted and then rapidly cooled, it is very 
hard and brittle and is known as «hite cast iron. This contains most of 
the carbon as cement, te only. If the molten iron is cooled slowly on the 
other hand, most of the carbon separates out as graphite and a soltcr and 
less b'iitli variety known as grey cast iron is obtained. 

'c-ist iron, on account of impurities, melts at a^much lowci temperature 
of 1 150 to 1250' whereas pure iron melts at I53 5^ 

It is hard but too brittle to be used in making machinery. It expands 
/sn solidifying and therefore finds extensive applications in casting 
variously-shaped articles such as stoves, radiators, toys, stools, cooking 
Tanges, pipes, agricultural implements, etc. 

WROUGHT IRON 


Wrought iron is comparatively pure fonn of iron. It coniams not more 
than 0’5 per cent of impurities of which carbon amounts to about 0 - per 
cent. The other impurities are sulphur, phosphorus, silicon and 


manganese. 

Manufacture. It is obtained by punfjnng cast 
known as •puddlinR' (meaning stirring). The cast 


iron by the process 
iron is heated on the 



l ig, I4(L).3. Puddling furnace. 

hearth of a reverberatory furnace (known as puddling furnace, Fig. I4(E).3) 
lined with haematite (FeP,). The pig iron is melted and stirred. The 
h'lem itiie supplies the oxygen required to oxidise the carbon, silicon, 
unU pho.plvru. present in the cast ,ron to carbon monoxide. 
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WROUGHT IRON 


silica, manganous oxide and phosphorus pentoxide respectively. For 
example, 

3C + Fe^Oa ► . 3CO + 2Fe 

3Si + SFegOa — 3Si02 + 4Fe 

Carbon monoxide escapes. Manganous oxide and silica combine to 
form manganous silicate slag. 

MnO + SiO, — ► MnSiOs 

Slag 

Phosphorus pentoxide combines with haematite to form ferric 
phosphate slag. 

2 Fe 203 + P^Ojo ► 4FeP04 

Slag 

The melting point of iron rises with the loss of impurities. Iron, there- 
fore, attains a semi-solid state. At this stage it is taken out in the form 
of balls and the slag squeezed out by hammering. 

Properties and Uses. Wrought iron retains about 0 2 per cent of carbon 
besides traces of phosphorus, silicon, etc., in the form of slag. It is soft, 
ductile and malleable and can be welded. The presence of slag gives 
strength and toughness to the metal and makes it resistant towards rusting 
and corrosion. It is used in the manufacture of articles which are to be 
subjected to sudden stresses, such as chains, wires, anchors, bolts, nails. 
It is also used in making cores of electromagnets. 

STEEL 

The carbon content of steel is intermediate between that of cast iron 
and wrought iron. It varies beUveen O'l and 1*5 per cent. The hardness 
of sleel increases with increase in 
carbon content. Steel usually contains 
manganese as well. Sometimes, other 
elements such as chromium, silicon, 
nickel, tungsten, vanadium and 
molybdenum are added for making 
special steels. 

I'hcrc are three methods in 
u*inin(*n use for the production of 

l oil .1 large scale. These are 
'lie />\’ssi'i}hr process (/7) the 

0- 'cn llcan/i Process and (/7/) the 

luriiiut Process. They 
aic Ini-.cd on removing impurities 
Ironi pig lion aiul then adding cul- 
calared amount <>i carbon, maniia- 
nese. eiiromiuin and oilier elc- 
ineni 

1. I he Itesscnier Process, in 
dll'* proce>''. molten pig iron 
taken direct from ihe bhi'i fiirance 

1- s run into Bessemer converter 
which is a pear-.shaped furnace 


/ilK 

FLAME 



MOLTHN 

IROU 


I ig. 1-}(F.).4. Ecssemer conierter. 
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about 20 feet high and 10 feet in diameter (Fig 14(E).4). It is made 
of steel plates and is lined inside with silicon heal-resistmg bricks. 

AtthebL there are a number of holes called through w^hich 

air can be admitted. The converter can be rotated on a horizontal 
central axis. 

To start with, the converter is turned into the horizontal position and 
molten pig iron introduced into it. A blast of hot air is admitted through 
the luveres. The converter is then rotated so as to bring its mouth verti- 
cally upwards. The blowing of air is continued. As the air passe, up- 
wards through the molten metal, it oxidises the impurities (manganese, 

silicon, carbon) present in pig iron. 

2Mn 4- O 2 — ► 2MnO 

Si - 1 - O. — S 1 O 2 

2C + O., — 2CO 

During the first five to ten minutes, oxidation of 
silicon takes place. The manganese oxide and silica thus formed combine 

together to form manganous silicate slag. 

MnO + SiO^ — MnSiOa 

Slag 

Later, carbon is oxidised to carbon monoxide which burns with a blue 
flame at the mouth of the converter. 

When the whole of carbon is oxidised the blue flame suddenly d^s 
out ^ The requisite amount of carbon is then added (to convert iron 

steel • 

At the end, the converter is tilted to pour out the molten steel. 

I,- . X . .i/iiirli sled is to be obtained contains much of 

nhosnhliru! Vh' converter is lined with lime (C.iO) and imigncsia (MgO). 
phosphorus . convener ^ toth: charge The phosphorus 

l t^^efr-phosphoru, pento.id., which a,rn.s a slag of 

calcium phosphate. ^ __ p^Q.n 

6Ca0 4-PiO,i ► 2 Ca.,(P 04 )-. 

The slag, also known as TItomas sha. is ground and used as a valuable 

fertilizer. ■ 

0 The Open He.irth Process. In this process .[ m'Xlurc ol cast iron, 

scr ip iron iron ore (hacmatnd and lime is me ted in an 0[,..n Hearth 

furn ICC (Fig I4(E).5). The hearth is lined witli silica (SiO..) or calcined 

Smite (CaO. MgO)depending upon the nature of the nnpunt.os present 
Cioiomiic i t ; .fui if the impurities arc m inganesc.silicon, 

S an7c Ic' d diZmite lining is used if muchof phosphorus is present. 
Heatmgdo about 1 500' is done by burning producer gas. A regenerative 
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system of heat economy is employed to save the fuel This is accomplishep 
by using a set of heat regenerators, made of bnck-checker work (cf. Fig- 
14 (E). 5 .) Producer gas is led into the regenerator Cj which has been 
previously heated. Air is passed through another regenerator Gj which 
is also heated. The producer gas burns in the air over the hearth of 
the furnace producing a tremendous amount of heat which is utilised in 
melting the charge. The products of combustion leave the furnace 
through the regenerators G3 and G4 passing on their heat to the regener- 
ators. When the latter have been sufficiently heated, the direction of 
the producer gas and air is reversed. Now the gases, before entering 
the furnace, pass through the hot regenerators G3 and G4. They pick 
up the heat of the regenerators and consequently on combustion produce 
a much greater amount of heat than otherwise. 



AIR PRODUCER CAS HO f BURKT GASES 


Fig. 14 (E). 5 . The Open Hearth furnace. 


TJc products of conihiisiion now pass through the regenerators Gj 
and G.> which get heain.1 up again. After 10 — 15 minutes, the supply 
01 producer gas and air is again reversed and so on. In this manner, 
a considoiabic amount of fuel is saved. 


Heating IS comjnuccl for about 8 to 10 hours. During this period, 
tiH impurities (C. Si. S, P) get oxidised by haematite. Carbon is removed 
as '..nhon mono-.ide. Sulphur is eliminated as sulphur dioxide, 
oiiicon aiivl piios|tliorus arc ox’dised to silica (SiO^) and phosphorus 
pemo\,(ic respectively. These react with lime forming slae. 


SiO, -f- CaO — ► CaSiOa 

slag 


PjO.o + 6CaO ► 2 Ci,,(P04)2 

Slag 

Samples are withdrawn from the hearth from time to time and 
analysed. The carbon content is adjusted to the proper value. Requisite 
quantities ol other metals may al.'^o be added if special steels are to be 
obtained. Alter setting up the desired composition, the finished batch 
ol molten steel is removed from the furnace by tilting the hearth. 
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Huge quantities of high grade steel of the desired composition are 
prepared by the Open Hearth Process. 

Advantages of the Open Hearth Process. The Open Hearth Process 
has the following advantages over the Bessemer Process : 

(/) The composition of the product and also the temperature can 
be accurately controlled. 

(//) Scrap iron and ore can be directly changed tnto steel. 

(Hi) No iron is lost as slag since no blast of air is passed through 

the molten metal. 

(/V) A considerable economy of fuel is effected by using the regenera- 
tive system of heat economy. 

(v) The steel obtained is of a better quality. 

3. The Electric Furnace Process. A very high grade steel in relaii .e- 
Iv small amounts is prepared by the electric lurnace process ^\heie 
electric supply is cheap. A mixture of cast iron, scrap iron and iron 
ore (e g., haematite) is heated in an electric lurnace with dolomite. 
The reactions taking place in the furnace are essesiially the same as 
in the open hearth process. Since very high temperatures can be 
developed in electric furnaces, the process becomes particularly usclul 
for preparing alloy steels with high melting points. 

Some special alloy steels have been described in the lollowing table . 


Name 

Composition 

Properties 

L'ses 

1. Chrome steel 

2 4'’u Chromium 

High tensile 
strength 

Ball bearings, cutting 
tools such as hies. 

2. TunRSlen 
steel 

I0-2{)'o Tungs- 
{ en 

Retains hardness 
even at high tempe- 
ratures 

Culling tools lor 
high speed lalhcs. 

3. Stainless steel 

18‘'„ Chromium 
8‘'„ Nickel 

Resists corrosion 

Utensils, oranamen- 
lal pieces. 

4. Manuanese 
steel 

10-18'’,. Manga- 
nese 

Very hard and res- 
istant to wear. 

Grinding mach-nery. 
safes. 

5. Nickel steel 

2.4'’„ Nickel 

Resists corrosion, 
hard and elastic 

Wire cables, gears, 
drive shafts. 

6. Molybdenum 
steel 

0-3-3'’.. Mol>b- 
denum 

Retains hardness 
even at high tem- 
peratures 

Cutting tools and 
axles. 

7 Invar 

36"t,Nickel 

Practically no co- 
efficient of expan- 
sion 

Meter scales and 
p.-ndulum rods. 


Tempering. Steel has a highly characteristic property that its hardness 
and elasticity can be controlled by proper heat treatment, hor example. 
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PROPERTIES OF PURE IRON 


when it is heated to red heat and then allowed to cool slowly, it becontes 
soft. This process is known as annealing. On the other hand» if it is 
cooled (quenched) suddenly on plunging into ice-cold water, it becomes 
very hard and brittle. On reheating this product to 250 — 300®, the 
brittleness disappears but hardness remains. The degree of hardness 
can be controlled by heating the product once again to a suitable 
temperature varying from 200 to 350® (depending upon the hardness 
required) and then allowing it to cool slowly. This process is known as 
tempering. The temperature to which steel is heated is judged from the 
colour of the oxide film formed on the surface, e.g., a pale yellow colour 
indicates 230®, brown 260®, purple 225® and blue 300®. 


Properties of Pure Iron. 

Physical Properties. Pure iron is grey-white in colour. It softens 
before melting at 1 535®. It boils at about 3,000®. Its specific gravity 
is 7*86 and specific heat 0*1 1. It possesses strong magnetic properties 
which it loses when heated above 766® (the ettrie point). It is malle- 
able and ductile but has a very high tensile strength. 

The metal exhibits allotropy. It exists in three forms which differ 
from one another in crystalline shape only. The names and transition 


temperatures arc 




906 


I40J^ 


a-iron 

y-iron 


8-iron 

(i r f If le 





The name fi-iron is given to the noii-magnetic foim produced at 
766 . However, it has the same crystalline form as a-iron and is, there- 
fore. not considered as a distinct allolropic form. 

C hemical Properties. Chemically, iron is a fairly active element 
as will be cvid.'iu from the following reactions : 

1. Action of air. The rusting of iron. It has been known since 
aeos that commercial iron on exposure to moist air gets coated with a 
-ealy reddish brown deposit' known as rust. Although the chemical 
> ''nposition of rust varies some what, it consists mainly of hydrated 
:.;iic oxide, 2 Fe 203 ..'^H .O. together with a small quantity of ferrous 
c.'ri'oiKite. Pure iron if kept in contact with pure (redistilled, COu- 
'.eci water, does not rust- The rust appears if iron is impure or if 
A, Iter contains some dissolved impurities. 


Sj'.cr.il workers have carefully investigated the conditions which 
prorno'c rusting. The results ha\e been somewhat divergent. How- 
v'v'. ihe presence ol water is essential and according to many 
e periin . n'ci > carbon dioxide or acidity is also necessary. The presence 
or even traces ot nih.'r metals, such as zinc or copper in the iron, pro- 
juotes t)tc forniation of rust. 


()n the Ollier hand, the presence of certain metals which can form 
solid solutions witli iron, such as chromium, nickel and copper, renders 
the iron rustless. The presence of alkalies, if added to water, also 
retards rusting. 
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Theories of rusting. Since carbon dioxide promot^^^^^ is'’firs^°Tormed 

hydroxide. + jH.CO^ — Fe(HCO,).r + H. 

4 Fe(HC 03 ). + O. + 2H.O + ^^ic il phnio- 

According to another view rusnng is m 

itienon and takes place due to an internal voltaic cell 

contact with constitute 

;?rl^SrJl;: - .tb. .ox.r ^ ^n 

t^;I:l?:nto^h^ac:d rointiofaT^^rrous ,ron more readily than .he 
Other metals. The following changes arc indicated . 

Pe _|_ 2H-^ — ** Fe--^ + H. 

4Fe- + 0. + 2HoO — 4Fc-^ ^ 40H- 

FP+-H- 4 - 30H" — ► Fe{OH)a . hv 

Protection of iron from rusting. ^ Iron pipes 

coating with zinc or painting of coal tar. 

are protected by heating and then dipp - . , known as Borf 

Xn impervious coating ‘f.^dl- n'stean, when a pro- 

Sm.™"'.- i " 

With water containing magnesium Chlorid.. 

(2) Action of water. Iron displace. h>droL-n iri m 

temperatures. Fe-.O, -f 4H. ^ 

(3) Displacement of other metals. Iron displace less activ. m. ^ s 

•SUC^^L copjjcr, ::r ' . CII 

,4, Action o^atiirirmi dismiss in d Ui.e hydrochloric and 
sulphuric acids li'-->'ng M-gi^ ^ 

Pc -i- H..SO 4 FeSOt 'T H, 

L'^hir ?nd'’''";t:rc '^mm- 

respectively. ^ ^ I ^S 

Pc + CI-, FcCl, 
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QUfcSTrONS 


. ^*’®*** When a piece of iron is lowered in concentrated nitric 

acid, a slight reaction takes place and then ceases completely. The iron 
does not appear to undergo any changs in its appearance but it does not 
react with dilute nitric acid nor does it precipitate copper from copper 
^phate although ordinary iron undergoes these reactions very readily. 

e iron in this form is said to be ‘passive^ Iron also becomes passive 
w en dipped in a solution of chloric acid, chromic acid, potassium per- 
marigana^te or silver nitrate or when treated with dry nitrogen dioxide or 
subjected to anodic oxidation, 

i assive iron returns to the normal state when scratched or heated in 
a reducing atmosphere of hydrogen or carbon monoxide or immersed in 
a concentrated solution of an alkali. 

passivity is due to the formation of an exfre- 

mcly ttnn ^Imost imperceptible) and impervious film of ferroso-ferric 

oxide, This view receives support from the fact that the passivity 

IS removed by scratching or by dissolving out the iron oxide in iodine 
JOlution, 

QUESTIONS 

tile ore *mn ? How is pig iron obtained from haema- 

the rcacHonf.-^Vi ‘o' of iron ? Summarise with the help of equations 

the reactions taking place m the blast furnace used in the metallurgy of iron. 

{Delhi Pre-medica! 1949y 

in ihl’ fumacc. Label the pans. Describe the reactions taking place 

in Uic Dlasi furnace. 

and uk-s o^casf'iro'n ore. Give - the important properties 

Give in outline the extraction of Iron from ores in India. What precautions. 
Many, should be taken in the selection of fhc ore for the purpose? How would you 

d!^(l^gl^sll a siimplc of cast iron .from steel ? {Panjah Inter I960, Rajputana Inter 1952) 

. S'.' jne ^'>Sram, the manufacture of steel from cast iron. Des- 

I depend on {a) its carbon content (6) its 

7 Gi\,. one method for the conversion of iron into steel. What is the diflFerenee in 

I u miH.Miion and properties of (/) cast iron and («) steel ? How are the propertic.'; 
Ik Ji.'n altered on (/) heal ireutmmi and (iV) addition of other elements ? 

{Rajputana Inter 1956) 

s. Pc scribe is details the Bessemer Process for the conversion of cast iron into 
. Ivtt IS nuani b> (/> annealing and (/V) lempering of steel ? 

't rV'-irilv 111 details the Open Hearth Process for the preparation of steel. 

economy ? What advantages the 
» ‘pt 1 . I Iv- .ti Ml piv5tess posscs'cs o\cr the Bessemer Pio-cess ? 

iinol'n .rli^n'r preparation of wrought iron. Discuss 

ujij i Ujni pr.'pcrlTcs and uses ol wrought iron. 

the manufacture of steel. 

n. inh Pru! ^ss'"*’ Tin^' regarded inferior to steel obtained bv the Open 

j rt LLNN . Upi>n what laciors depcnil the propcri«es of steel ? 

(Rajputana Inter I946[ U.P. Board 194S) 
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SOME IMPORTANT COMPOUNDS 


Potassium Permanganate. The pyrolusite ore, 'ore is linely 

potassium p«n»a^c ci^ _ 2KMnO. + 2KC1 


or aKsMnO* + + H^O 


2KMn04 + 2KOH -i- O: 


ROTATINO 
WIRE NETTING 

nickel anode 



■y n 'mr 
CATHOOt 


Fig. 15.1. Elcc.roly.ic mc.hod lot ihc prepanruon 
of poiassium pcrmanganulc. 
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JOTASSIUM PERMANGANATE 


The solution is concentrated when potassium permanganate, being less 
soluble, separates out on cooling leaving more soluble potassium chloride 
in the solution. 

Nowadays the conversion of potassium manganate into potassium 
permanganate on industrial scale is carried out electrolytically using a 
nickel anode and an iron cathode. The manganate ion is oxidised to per- 
manganate ion by losing an electron in the anode compartment : 

Mn 04 — Mndl + (e") 

The electrolytic cell used for the purpose is shown in Fig. 15.1. 
The inlet iron pipe, through which the solution of potassium manganate 
is admitted into the cell is made the cathode while a rotating wire- 
netting of nickel is made the anode. 

Properties. (1) Like all other permanganates, potassium permanga- 
nate has the characteristic purple colour. It is soluble in water giving a 
dark purple solution. 

(2) On heating it decomposes : 

2KMn04 — i. K,Mn04 + O2 

This reaction is used to prepare oxygen. 

(3) When dropped in cold concentrated sulphuric acid, manganese 
Jieptoxide is obtained : 

2KMnOj 4- H 2 SO, «• Mn.O~ K.SOj 4- H.O 

(4) In alkaline solutions, it is reduced to potassium manganate : 

4KMn04 4- 4KOH 4KnMn04 4- 2 H 2 O 4- O, 

(5) Potassium permanganate is a strong oxidising agent in the solid 
stale as well as in neutral, alkaline and acidic solutions. 

ia) In solid state. When heated in hydrogen, steam is 
produced : 

2KMnOi 4- 5H. — 2KOH 4- 2MnO + 4HjO 

Hydrochloric acid is oxidised to chlorine : 

2KMnO, r 16HCI ► 2KCI f 2MnCl, ^ 8H,0 -f- 5C1* 

{h) In neutral solution. In neutral solution, potassium 
pennangaiiaie gi\'es dioxide and three atoms of o.xvgen become a\'ailable for 
o.xidafion. 

2KMnO, H,0 — 2KOH 4- 2Mn02 + 3(0) 

TIuis. manganese sulphate, in neutral medium, is oxidised to manganese 
dii'xide : 

3iMnS(), -r 3H,0 - 3(0) > 3MnOo + 3 H 2 SO, 

(///') In ii/kalinc solution. In alkaline solution, potassium per- 
manganate changes into potassium manganate and one atom 0 / o.xygen 
becomes available for oxidation. 

2KMnO, 4- 2KOH 4 - H,0 + (O) 

Potassium manganate is further reduced particularly in the presence 
■ol a reducing substance. 

2K,Mn04 T 2HoO 


2MnO., + 4KOH -h 2tO) 
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Thus, the complete reaction is 


2KMn04 -h HoO — *■ 2MnO.. 4- 2KOH + 3(0) 

It is evident that the reaction in neutral as well as alkaline solution ts the 
same. 

Thus, in alkaline medium, potassium iodide is oxidised to potassium 
iodate : 

K1 + 3(0) — ► KlOa 

((V) Jn acid solution In acid solution (dilute sulphuric acid is 
generally used), manganous salts are formed and 5 atoms oj oxygen are 
rendered available : 

2KMn04 + 3H.SO, — - -f 2MnS04 -f 

-r 


Thus, in acid solution ferrous sulphate is 
phate, sulphurous into sulphuric acid, oxalic 
potassium iodide into iodine, ethylene into 
acetaldehyde and acetic acid, etc : 


converted into ferric sul- 
acid into carbon dioxide, 
glycol, ethyl alcohol into 


SFeSO, + 5H.S04 f 5(0) 
5H.,SO:. + 5(0) 
COOH 

5 ! + 5(0) 

COOH 


5Fe2(SO,)3 + 5H.0 
SHSOx 

5CO, + 5H,0 


lOKl -f IOH2SO4 -i- 5(0) 
5CH2=CH2 + 5H2O + 50 
2CH3CH .OH -h 5(0) 


lOKHSO, + 51. -F SH.O 

5CH..OH.CH..OH 

CH.CHO + CH3COOH 

+ 2H-.0 


Uses. 1. Potassium permanganate is largely used as an oxidising 
agent. 

I 1 it is used in volumetric estimation of oxalic acid 

2 In laboratory, U is also used for the detection ol 

and of iron | compounds ((/. its reaction with ethylene) and ot 

doub c bond in orga mp j “^oxalates in inorganic compounds. 

Xline To-iu- is used as an oxid.ing a,e,« ,n 

organic reactions. 

3. Potassium permanganate is also IVe^uently used as a disinlect- 

^ 0 1 

_ . V r-rO li is obtained by addinc calculated 

illtio,. pota^um dteittontate. 

K.Cr.Oj + KXO;, — - 2K2CrOi + COo 

The solution is evaporated to gel lemon yellow rhombic crystals. 
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i^OTASStUM DICHROMAIE 


On -i laree scale it is obtained from chromite ore, FeO.CraOa. The 
<.re?s a.td heated strongly in a reverberatory furnace 

-potassium carbonate and lime with free exposure to air . 

4 Fe0.Cr,03 + O, ► 2 Fe.Oa 4 CroOa 

4 KoCO;, + 2 Cr^Oa -i- jOz >4 K^CtOx -{- ^ COo^ 2 

~^Td3XVV03~T 8KoCQ~ 707— >-~2 Fe.Oa + 8 K.CrO, -r 8 COg 

The function of lime is to keep the mass porous so as to aUow free 
access of air After the reaction, the roasted material is extracted with 
hot water in an autoclave to dissolve pota^ium chromate and thus to 
separate it from the insoluble feme oxide. On evaporating and cooling 
crystals of potassium chromate can be separated. 

It is isomorphous with potassium sulphate, K2SO4. It is \ery soluble 
in water, the solution is alkaline due to hydrolysis. 

K.CrO., + H..O ► HCrOi + KOH 

In acid solution, potassium chromate changes into dichromate and 
the colour of the solution changes from yellow to orange. 

2KXrOi + 2HC1 ► K.Cr.O? + HoO + 2KCI 

When heated to 670®, the yellow variety changes into a red modifica- 
tion which melts at 970'’. 

It is used in laboratory as an indicator in the volumetric estimation 
of chlorides by titrating against silver nitrate and as a reagent m quali- 
tative analysis. 

Potassium Dichromate, KXroO?. 

Preparation. It is prepared by adding a calculated amount of sul- 
phuric add to a saturated solution of potassium chromate. 

2KXr04 + H..SO4 — ► K.CraOj -h K^SOj + H.O 

It is manufactured by mixing hot saturated solutions of sodium 
dichromaic (obtained from chromite ore in the sam.e way as potassium 
chromate bv replacing potassium carbonate with sodium carbonate) and 
piuassium cliloridc. 

Na.C'r.()7 — 2K.C1 ► 2NaCl + K^CriO? 

Sodiuiu cliU'ridc precipitates out from the hot solution and is 
remowd ! y filiiara'n. On cooling the mother liquor, crystals of 
p(nas>iiun kiidironialc separate out, 

Plosical Properties. Potassium dichromatc forms orange-red crystals 
nidiina a’ 39.^ . li is ir.odcratdy soluble in cold water but freely soluble 
in lu'* V. aUT. 

<. hiniical Properties. I. On strong healing it decomposes to give 
^hii'iiac o\idc aiui ttxyccn. 

4K..Cr,07 ► 4K.,Cr04 + 2Cr.03 4- 30^ 
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2. Potassium dichromate, when heated with concentrated sulphuric 
acid and a soluble chloride, such as sodium chloride, gives red vapours 
of chromyl chloride. 


K2Cr207 2 H 2 SO 4 

NaCl + H 2 SO 4 
CrO, -4- 2HC1 


2KHSO1 + 2Cr03 + H.O 
NaHS04 + HCl [x4) 

CrO-Cl., - H.O Jx21 


KoCr^Oj “T 4NaCl -r 6 H^S 04 


ZKHbOi + 4NaHSO, 

2CrO..Cl-, -r 3H.O 


3. Potassium dichromate is a powerful oxidising agent. In the 
presence of dilute sulphuric acid, it can gi\e oxygen readily which can 
be taken up by a reducing agent. 


KoCr.O, -f 4 H 2 SO 4 


K..SO 4 + Cr..(SO,), + 4H.O 

-r 30 


Typical oxidation reactions are given below : 

(/) Liberation of iodine from potassium iodide solution. 

KaCraO, + 4 H 2 SO 4 


2HI + O 


KoCr.O, + 4 H 2 SO 4 1 - 6H1 


K..SO4 + Cr.,{SOih + 4H2O 

3 ( 0 ) 

H_.0 + I, [x3] 

K. 2 SO 4 “i“ Cr2(SC)4);t -+* 7H20 

-r 3 1 -' 


(//) Oxidation of Fe** into e.g.. 

KjCr 207 + 4H..S04 

s 

2FeS04 4- H 2 SO 4 4- O 


K,S04 4- Cr2(S04), + 4H..O 

+ 3 (b) 

Fc 2(S04)3 + H.O [x3] 


KoCraOj T 7H2SO4 -r eFeSO* 


K 2 S 04 -r Cr.tSO,), I- 7H.O 

3 Fe, (504)3 


(/(7) Oxidation of H,S to S and 50* to sulphuric acid. 

HjS + O — H.,0 4- S 
SO2 + H2O + 0 — ^ H.SO4 

(v) Potassium dichromate also oxidises alcohols first to aldehydes 
and then to acids. 

o 


o 


CHaCHjOH 
Ethyl alcohol 


CHaCHO 

Accialdch>de 


CH3COOH 

Acetic acid 


4 On the addition of an alkali, the orange ^lour of dichromate 
.tinn ^'hi.nofic to vellow due to the formation of chromate. 

2K..Cr04 + H 2 O 


solution changes to yellow 

KoCroO, + 2KOH 
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BLEACHING POWDER 


On acidifying, the yellow colour again changes to orange-red colour 
owing to the refoimation of dichromate. 

2 K 2 Cr 04 H- HaSO, ► K2Cr207 + KaSOi + H 2 O 

Uses. Potassium dichromate is used (/) as a volumetric reagent in 
laboratory for the estimation of ferrous ions, iodine, etc. 

(ii\ for the oreparation of several chromium compounds such as 
chrome a?um chrome red (PbCrO. PbO). zinc yellow (ZnCrO,). chrome 

yellow (PbCrOj, etc. 

(Hi) in dyeing, chrome tanning and calico printing. 

(/V') in photography. 

Bleachin» Powder, [Ca(0Cl).,4H,0 -CaCl,.Ca( 0 H)..H 301 Bleaching 
powder is a mixture of calcium hypochlorite, Ca(OCI), 

chloride, CaCUCalOHl;. HjO, It is prepared on a large scale by the 

action of chlorine on slaked lime. 


3 Ca(OH).. + 2C1.> 


Ca(OCl )2 -- CaCl>.Ca(0H)2.H20 + H^O 


In order to aet good yield it is necessary to maintain close contact 
of cL, ine with tlie slaked lime. The Hasenclever plant used for the 
purpose is shown in Fig. 15.2. 

WASTE CASES 

A I LIMB 



n r? n r? 



n n 


nr? n nr? n n'N 


^ a 


m3 


^n n r ? n n V7_ti 




3 


CHLORINE 




TI 


E 



BLEACHINC 

POWDER 


I ie, ]'■ 7. 1 l,tkviK'lcvi.r plam tor ihc prcp.iration of bleaching powder. 

l! n.n-is’,s Ml a number of lead or iron pipes placed horizontally on- 
abtoc tile Mihci'. F.icii pipe i> pro\ided with a rotating slialt fitted with 
blades. ChUMinc is adniiitcd into the apparatus through the 
lo\\criiii'-.i pipe while lime is fed into the uppermost pip^ 
liuouuh a hopper as slu'wii. As ilie lime is made to traverse from 
one t'T the eyliivicrs to tlie other by the action of the blades and then 
led into the neM l«>wer pipe, chlorine rises upwards and. thus, a close 
contact between ilie two is bryiughl about. The rotation of the blades 
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keeps the lime in a constant tumbling motion so as to expose f^resh 
surfaces to the action of chlorine. The reaction as represented in the 
equation above is not carried to completion because chlorine is not 
absorbed to that extent. The amount of chlorine actually absorbed 
depends upon the efficiency of the plant. The 

bleaching powder depends upon the amount of available chlorine that 


it contains. 

Recent method. These days, bleaching powder is generally prepared 
in Bachmann’s plant (Fig. 15.3). It consists of a tall vertical tower made 


SLAKeo wine 



BLEACHING 

POWDER 


Fig 15-3- Bachmarn’s Plant for the manufacture 
of bleaching powder. 


iron provided with inlets for chlorine and hot air near the base 
anfan outlc^t for waslc chlorine at the top. The tower also carries a 
hnnneraUhe top for admitting slaked lime. Inside the tower there 
are rnumber of horizontal shelves provided with rotating rakes. 
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BLEACHING POWDER 


The dry slaked lime is fed into the tower at the top through the 
hopper and a current of chlorine is admitted into the tower near the 
base. The slaked lime moves downwards from one shelf lo an otner 
with the help of the rotating rakes, meets an upward current of 
chlorine and gets converted into bleaching powder which collects in the 
container placed at the bottom as shown. 

The current of hot air admitted near the base helps to drive away 
any unreacted chlorine through the outlet provided near the top. 

Constitution of bleaching powder. There has been ronsiderable 
speculation and research regarding the constitution of bleaching powder. 
On analogy with the reaction of chlorine with sodium hydroxide, 

2NaOH + Cl. — NaCl + NaClO + HgO 


bleaching powder was regarded as a 
calcium hypochlorite. 

2Ca(OH)2 + 2CU — *• 


mixture of calcium chloride and 
CaCl .2 + Ca(ClO).. + 2 H 2 O 


Bleaching powder 

The presence of free calcium chloride was questioned by several 
workers on the ground that calcium chloride is deliquescent and soluble 
in alcohol whereas bleaching powder is neither deliquescent nor soluble 

in alcohol. 

Gelling, therefore, suggested that bleaching powder is a single 
chemical compound with the formula CaCl(OCl), viz., calcium chIoro~ 
hypochlorite. 

This Ibnnula was accepted till quite recently. In 1935, Bunn, Clark 
■md ClilTord, by microscopic and X-ray examinations as well as by phase 
rule studies, established that bleaching powder is a mixture of calcium 
Iwnochlorite. Ca(OCj)... 4H..O and a non-c/eliquescent bdsic chloride of 
calcium, CaCl... Ca(OH) 2 .H..b. in more or less equimolecular proportion. 
The basic chloride is insoluble in alcohol. 


The first products of the chlorination of slaked lime are basic hypo^ 
chlorite, C.M()Cl)2.2Ca(OH)2 and basic chloride CaCl2.Ca(0H)2.H20. On 
further chlorination, the basic hypochlorite is converted into the 
hvpochloriie. i.c.. Ca(OCl).>. 4 H. 2 O. Thus, ultimately, bleaching powder 
consi^u of a mixture of Ca( 0 CI) 2 -'^H 20 and CaCl 2 -Ca(OH 2 ).H 20 . 

Pruperiics. ( 1 ) Bleaching powder is a white solid with a slight 
yellowish tinge. It has the characteristic odour of chlorine. This is 
because o[ its sUwv decomposition by atmospheric carbon dio.xide. 


(2) h is slicluly soluble in water and the solution gives the reac- 
tions of (. 'a -. dCl", OH and Cr ions as is expected from its formula 
disclosed above. 


{?) Bleaching powder liberates chlorine on treatment with dilute 
acids. The whole of the chlorine in bleaching powder is not rendered 
available. It is mainly the chlorine of the hypochlorite ion OCl~, which 
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Xre°“Forex*"w 

Ca(ClO)2 + 4HC1 — *- CaCl2 + 2HoO + 2 

Bleaching powder acts as a strong j reduced 10 the 

action is also due to the ^ypochlo me >on wm 
chloride ion. Thus, potassium i^e 

This reaction is used for of Scacliing 

powder. The method consists in acidified with acetic 

S''7hflScd1oC1s estimated by titrating against a standard 

-O breads into osygen as 

20cr — ► 2cr + 0 . 

• , fnr the bleaching action of bleaching powder. 

r;;: 5 

This is used for bleaching paper u, the asailable 

goods. The bleaching property is evidently du. 

, • r . ii k <r iiiercd over the floors 

(2) It is also used as a disinfectant. ^ - slowlv liberates 

a verv dilute solution of hydrochloric a 

'um ihiosulphu.c to rcn.ove tl.c exes, of 
is also us -d in the manufacture cf chloroform, 

to remove grease or wax. solution of bleaching powder 

,2) The fabric ts l 'm' ‘■'PI, duc‘to atmospheric carbon dioxide, 
where some bleaching tak p ^ iporuNc- 


iporuNc- 

(SetSt poi i.s 

INISHta 
POl.LS 


ROLL TO BE 
BLEACHED 



_ A/~in I WATEK 

BLEACHING ACID ' 

POWDEP ANTlCHLOR 

^ Elution 


DRYING 
CHAMBtR 


F.e.i5.4.Bkachin,of cotton clo.h m big factoricspvi.h 
bleaching powder or bleaching solution. 
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POTASSIUM CHLORATE 


(3) The fabric is then passed through a dilute acid solution. 
Chlorine is evolved and completes bleaching. 

(4) The article is then passed through a solution of hypo or 
sodium bisulphite to remove the last traces of chlorine lest it should 
injure the fibre. 

CI2+H2O — Na2S04+S+2HCl 

(hypo) 

NaHSOs-fCU + HoO ► NaHS04 + 2HCl 

(5) Lastly, the fabric is washed with water. It is dried and ironed. 

In factories, the process of bleaching is automatic as is shown in 

(Fig. 15.4). 

Potassium Chlorate, KCIO3. 

Preparation. (I) It is prepared by passing chlorine through a hot 
s lution of potassium hydroxide as mentioned above. 

This method, however, is wasteful since nearly 5 '6 th of KOH is 
converted into potassium chloride. Therefore, for industrial production, 
calcium hydroxide, which is cheaper, is used instead of potassium 
hydroxide when the following reaction takes place : 

6Ca(OH)2 + 6Ci. ► CatClOa). + SCaCla + 6HaO 

The solution containing calcium chloride and calcium chlorate is 
concentrated to a small extent by evaporation and then potassium 
chloride is added in a slight e.xcess. Calcium chlorate is, thus, converted 
into potassium chlorate. 

Ca(C10.-,)a + 2KC1 — ► CaCL + 2KCIO3 

Potassium chlorate, being much less soluble than calcium chloride or 
calcium chlorate, separates out readily on raising the concentration of 
the solution only slightly by evaporation. It can be purified by 
recrysiallisation. 

(2) Potassium chlorate is prepared now-a-days electrolytically, by 
electrolysing potassium chloride solution of about 25% concentration in 
cells made of iron. (Fig. 15.5). The temperature during electrolysis 
is m.iiniained between 70 — 75®, by circulating hot water through a coil 
of iron pipe as shown in the figure. The exposed parts of the iron 
tank and the cooling pipe act as the cathode while a set of graphite 
rods act as the anode. It this way. the products of electrolysis, namely, 
pota.ssiuni hydroxide and chlorine are quite close to one another to 
bring about their interaction. 

3CL + 6KOH — ► 5KCI + KCIO3 + 

A small amount of sodium dichromate is added to the solution to 
prevent ilic reduction of chlorate by the nascent hydrogen produced at 
the cathode. 

The electrolysis is continued so as to get a saturated solution of 
potassium chlorate. On cooling, crystals of potassium chlorate separate 
out, leaving the more soluble potassium chloridr in the mother liquor. 
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CRAPHin ANODES 



COOLING Pl^F \Cl SOLUTION 

ICATHOOC) AT >0- 7y 


■ Fig. 15.5. Manufacture of potassium chlorate. 

Properties. (1) It is a non-hygroscopic solid, highly soluble in 
v/ater. 

(2) It decomposes on heating. The decomposition takes place in 
two steps : 

(/) In the first place, it undergoes oxiJafion-reduction dispropor- 
tionation. 

4KCIO3 3KC10^ + KCl 

(i7) The perchlorate then decomposes at a higher temperature to 
evolve oxygen. 

KClOj — *• KCl 20> 


n) Potassium chlorate as well as other chlorates are strong 
oxidising agents. If a mixture of potassium chlorate with an organic 
substance or charcoal or sulphur is heated or struck with a hammer an 
Explosion occurs. Explosion also occurs on adding a drop ^’^wo ol a 
solution of phosphorus in carbon disulphide on potassium chlorate. 


(4) On treatment with hot concentrated sulphuric acid, it evolves 
chlorine dioxide. 

KCIO3 + HaS04 — ► KHSO4 + HCIO3 ]x3 
3HCIO3 — ► HCIO4 “I- 2CIO2 H-jO 

3Ka^+'3H2S04 — ;"3KHSQ4 "HCIO,-^ 200-2 

(5) On treatment with cone, hydrochloric acid, a mixture of 
■chlorine and chlorine dioxide (euchJorine) is obtained. 

2KCIO3 + 4HC1 » 2KC1 + CI2 + 2C10., 4- 2H2O 


Euchlorinc 
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(6) When treated with dilute sulphuric acid, it gives chloric acid. 

KCIO 3 + H^SOi — ► KHSO 4 + HCIO 3 

Uses. Potassium chlorate is used in large amounts in the manu- 
facture of safety matches. It is also used in the manufacture of 
explosives. In the laboratory, it is used for the preparation of oxygen. 
In dilute solutions, it is used as a mouth wash and also for gargling in 
case of sore throat. 

Sodium Thiosulphate, Na 2 S., 03 . 5 H 20 . 

1. It is prepared in the form of monocline crystals by boiling a 
solution of sodium sulphite with sulphur. 

Na.SOa + S ► Na.SaOa 

It is commonly known as 'hypo\ 

2. In pure state, it Is prepared by the cinteration of sodium 
hydrogen sulphide and sodium hydrogen sulphite. 

2NaHS + dNallSOj — 3Na.2S203 4- 3H..O 

3. It is also prepared by treating a mixture of sodium sulphide and 
sodium sulphite with iodine. 

Na.S -r NuoSOa + I. Na..S ..03 + 2Nal 

Manufacture. Tliere are two methods of its nionufacture. The 
earlier method based on the reaction of sulphur dioxide with sodium 
carbonate (alkali waste) has now been largely replaced by the new 
method which is based on tlic reaction of sulphu*’ dioxide with sodium 
sulphide (sulpiiidc waste). 

1. From sodium crrbonatc. A solution of sodium carbonate is 
saturated with sulphur dioxide as a result of which a solution oif 
sulphite is obtained : 

Naro., - H..O ~ SO. ► Na.SOa 4- CO.. + H^O 

Two absorption towers, made of lead and packed with hard wood- 
sticks. are used for the purpose These are operated encounter 
ciirreiM principle. The fresli solution ot sodium carbonate is allowed 
to trickle down tlie first tower where it meets an ascending stream of 
ilic .sn..Ti'' IMS Irom the top of the second tower. In this way, the 
re-'iii'i.il '.M-. is alm-'st completely absorbed in the fresh solution. This 
soU:M>in i-- [iicn piimi‘'ed on to tiie top of the second tower from where 
it n.iww d n\ [1 and meets the fresh gas from the burners. In this way, 
•'tKlii’m c ubonaie is ciMUplctely consorted into sodium sulphite. 

Tiiis solution is then healed wiili sulphur in cast iron vessels lined 
with lead. witli constant and \ifiorous stirring lor a few hours when 
sedium sulphite charigcs into sodium thiosulphate. 

Na.SOa -f- S ► Na-jS-jOa 

The sv>Uuion is allowed to cool to get crystals which arc separated from 
the mother liquorut;K^.irifugal machines. 
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2. From sodium sulphide. This method is more economical since 
sodium thiosulphate is obtained as a by-product in the manufacture of 
sodium sulphide from sodium sulphate. 

After crystallisation of sodium sulphide, the waste mother liquor 
retains about 8—10 per cent of sodium sulphide besides 5—6 per cent 
of sodium carbonate. It is treated with sulphur dioxide in lead-lined 
towers working on the counter-current principle as in the method dis- 
cussed above. The following reactions take place ; 

2NaS + 2H2O + SO2 — *• 4NaOH -f 3S 

Na.COa + H.O + SO, — Na.SOa - CO, + H,0 
Na.,S03 + S — ► Na,S,Oj 

The liquid containing sodium thiosulphate is allowed to crystallise in 
lead-lined crystallising tanks as in the previous method. 

Properties. 1. Sodium thiosulphate is a white crystalline solid 
(mp 48^). it is soluble in water. It loses its water of crystallisation at 
215° and decomposes when heated above 220 , giving sodium sulphate 
and sodium pentasulphide. 

4Na,S,03 — *■ 3Na,SOj + Na.Ss 

2. On treatment with a dilute mineral acid, thiosulphuric acid is 
formed, which, however, decomposes instantaneously into sulphur dioxide 

and free sulphur. 

Na,S,03 + 2HC1 — 2NaCl + H,0 -|-SO, 4- S 

The separation of sulphur along with evolution of sulphur dioxide serves 
as a test for disiinguisfiiiv^ bei\\een a ihiosulphaw and a sulphiw. In the 
latter case, there is no formation of sulphur. 

3 On the addition of silver nitrate, a white precipitate of silver 
thiosulphate is obtained which, however, readily changes to yellow'- 
brown and finally black due to its reduction into silver sulphide. 


Ag,S,03 + H,0 — ► Ag,S + H,SO, 

Black ppl. 

4. Sodium thiosulphate decolorises iodine solution forming sodium 
tetralhionaic. 

2Na2SA. -f I-. — ^ 2Nal 4- Na>S,0« 

This reaction is made use of in volumetric estimation ol iodine. 

5. Sodium thiosulphate gives a purple coloration on the addition 
of ferric chloride. 

3Na,S..03 + 2FCCI3 — ^ Fe,(SA)., 4- 6NaCI 

^ * Purple colour 

6. It reacts with chlorine giving hydrochloric acid. 

Na,S,03 4- Cl, + H3O' — Na,SO,, + 2HC1 '4 S 

Hence, it is used as an fantichlor. \ 
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Tests. Reactions ' numbered 2,3,4 and {'given above are used as tests foi 
thiosulphates. 

Uses. 1. Sodium thiosulphate is largely used in photography 
as a ‘fixing agent’. It reacts with the unreduced silver bromide. 

AgBr + 2Na8S203 NaglAgCSgOs)*] 4- NaBr 

Sodium argento 
thiosulphate 

2. It is used as an antichlor due to its reaction with chlorine. 

3. In laboratory, it is used in volumetric estimation of iodine. 

Chromic Compounds-used as Pigments. 

Several compounds of chromium are used as pigments in pottery 
glazes, building paints, printing colours, etc. They give fast and stable 
colours. The important compounds are discussed below : 

Lead chromate, PbCr04, Chrome yellow. It has a brilliant yellow 
colour and is prepared by adding a solution of sodium dichromate to a 
solution of lead nitrate or acetate. It is the least soluble salt of lead. 

Another pigment known as chrome green is obtained by mixing 
intimately chrome yellow with Prussian blue. 

Basic lead chromate, PbCr04.Pb0, Chrome red. It is a bright red 
pigment made by digesting lead chromate with a dilute alkali. Mixed 
with lead chromate, it is used as chrome yellow. 


QUESTIONS 

1. Hov. is potassium permanganate prepared? Discuss its oxidising properties 
and u^e^. ^ 

1. Describe the preparation of potassium permanganate from pyrolusite. Discuss 
tbe acuon of the compound in (i) splid state (ii) acidic medium 

(iii> alk.diMc nicduim (iv) neutral solution. 

.V I kns IS j^oiassium chiomatc prepared ? Describe its properties and uses. 

A. Dc^ci'iho the picparaiion, properties and uses of potassium dichromate. 

5. Dc'cribc the prepAraiion of hleaehinu powder. How' has its constitution been 
est.ihliNhed 

constitution of hleachinij powder. What is meant by available 
thloiinc . e.i\e the impotiani Uses of bleaching powder. 

Dcscnbc tile i>icparatu>n, properi'cs and uses of potassium chlorate. 

Hoa IS potassiuin chlofiifc prepared on a commercial scale? Describe the 
action ol lodruchloric acid and .sulj'huric acid on the compound. 

y. W lull IS hypo ; l losv is it prcixired ? To what uses is it put ? 

10. Dcsci ihc the preparation, properties and uses of sodium thiosulphate. 

11. Write short nolc'- I'n : 

0) Chrome >ellow ^2) Chrome rod (3)' Chrome green. 
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CHAPTER XVI 


INTRODUCTION 


Division of Chcinisirv. Towards the close of the sevenieeiuh century 
a croup of scientists headed by LemcTy suggested that chemical com- 
pounds should be classified according to their origin. Lavoisier and a 
number of other chemists developed this idea about a hundred years 
later and divided the various substances known at that time into two 

categories : 

1 Those obtained from livin'; organisms (plants and animals) were 
called orzaaic. The examples are : fats, oils, sugars, urea. It w-as found 
that all organic compounds contain carbon as an essential element. 

2 Those obtained from inanimate matter (minerals and rocks) were 
inorganic. The examples are : common salt, nitre, limestone, iron, 

sulphur, gjpsum. 


Both orcinic and inorganic compounds continued to be studied 
toeeiher for another century. But towards the close of the nineteenth 
century the number ol compounds that came to be kno\Mi increased so 
much that it was IJt moic convenient to study organic compounds 
separately from inorganic compounds. Chemistry was, therefore, divided 

into two branches : 

(1) Organic chemistry which deals with the study of organic com- 
pounds. i.e . carbon compounds, and 

|0) Inorganic chemistry which confines itself to the sludy of inorganic 
substances, ic . mctjMic and non-nietallic elements and their compounds. 

A third mai ir branch of chemistrv, known as physical chemistry. aKo 
developed soon after. It concerns itself with the study of physical pro- 
pcriics and c .nsiitulion of matter and the laws and theories governing 

chemical reaciions. 

Vital Force Theory. In the early nineteenth century it was realised 
by a number of investigators that while inorganic compounds could be 
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Tireoared in the \o\>OTSi\.oxy^ organic compounds could not be so prepared. 
Berzelius,' in 1815, atiribuicd this difference to the existence of soma 
mysterious force (which he called vita! force) in living organisms which 
alone could produce organic compounds. 

This vital force theory soon proved to be a myth. In 1828, Wohler, 
a student of Berzelius, while preparing ammonium cyanate, accidentally 
oreoared urea, a substance till then known to occur in urine only. 
Thus, urea, a typical organic compound, could be prepared from inorganic 

materials as shown below : 

(NH*)aSO, + 2KCNO ^ 2NH4CNO + K.SO* 

Ammonium cyanate 
Rearrangement 

NH.CNO — *• NHgCO.NHo 

Urea 

This led 10 the preparation of some other organic compounds in the 
laboratory. Kolbe in 1843 synthesised acetic acid from its elements, 
namely, carbon, hydrogen and oxygen. Berihelot in 1856 prepared 
ni *111100 slurtins with purely inorganic materials. This sealed the fate of 
vital force theory. The belief in the unknown mysterious force exclusively 
responsible for the formation of organic conpounds was completely 
sliatiercd. Organic compounds could be prepared in the laboratory just 
like inorganic compounds The word ‘organic (pertaining to life) lost its 
original sicnilicance. Organic compound was given a more logical defini- 
tion (IS a ! r.intahiing carbon and organic chemistry was defined as 

f/i'- chc’iii.siyv of curb ’ll compoiin Is. However, a lew compounds of carbon 
,ucU .IS c irlv^n dioxide and carbon disulphide still continue to be studied 
■'11 la.v 'aa.c chemistry. 

Reasons for separate treatment of organic chemistry. It may be stated 

iiic\. iiisci that the same fui-.damontal principles are involved in 
both I . .O IL : rd inorganic c}u-mistr> . The main reasons for treating the 
two b:.oKh.. . < rgaiiic and inorganic, separately are : 

(i) Oi tiai.,: rmpounds are made up of only a few elements, namely 
carbon, hydrogen, oxvgen, nitrogen, sulphur and the halogens. Inorganic 
compounds, on the L>ihcr hand, consist of any of the 103 elements known 
at the present day. 

(ii) Carbon, the essential clement in organic compounds, has the 
unique property of combining with other carbon atoms to form either 
straisht chain or side chain or ring compounds. Thus there is a greater 
variety of compounds in organic than in inorganic chemistry. 

(Hi) The number of organic compounds known (over 750 000) far 
e.xceeds the number of inorganic compLiunds (less than 40,000). Other 
points of difference between the organic and inorganic compounds are 

given in 1 able I . 
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TABLE 1. 

pomts of Differeice botweeo Organic and tnorganic Compounds 


Property 

j 'fype of linkage 

involved. 

2. Solubility in water 

3. Conductivity in aqu- 

eous solution 

4. Solubility in organic 
solvents. 

5 . Melting points 

6. Boiling points 

7. Velocity of Reactions 

8. Combustibility 

9. Isomerism 



Largely covalent 

Generally low 

Low 

High 

Low 

Low 

Very low 

Generally combustible 


Show isomerism (j .e..ore 
molecular formula may 

represent different com- 
pounds with altogether 
different properties). 


Inorganic Compounds 


Largely electrovalcnt 


Generallv hich 


High 


Low 
High 
High 

Very high 

Generally incombustible 
(with several exceptions) 

Do not show isomerism 
(/ e , one molecular for- 
mula represents one 
compound only) 


The above differences indicate general tendencies. There are several 
The ^ ^ Por instance, while most of the organic compounds 

exceptions,^nu^ ethyl alcohol, acetic acid, sugars and diazonium 

faurarc“frecly solubk in water. 

Sources of Organic Compounds. Organic compounds are derived 
sources w courccs such as plants and animal tissues. For 

mainly ‘ vegetable oils, perfumes, alkaloids, carbohydrates and 

’"'‘""'f;oholic derived directly or indirectly from plants. 

T^an ima' perfu-rs Inch as mask and mast.c), milk, ftrs, urea, and 
lil are produced by animals. Tn modern ttmes, two other miporlant 
source! of organic impounds have atlracUd the attention o scent, sts 
a ?°!hnoloeists Thev are petroleum and coal. From petroleum such 
uLfu ma er^ ! as gasoline, lubricating oil, paraffin wax, ,e, iuel and 
d?!sd od have been isolated and put to innumerable applications Coal 
has V dded coke and coal tar~a substance which has been found to be 
ihe stockhouse of a large number of useful products such ns perfumes, 
dyes, disScants and a vast number of other products of great Indus- 

trial jinporiance. 
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Apart from natural sources, a large variety of organic compounds 
have been synthesised in laboratory or obtained by fermentation processes. 

Importance of Organic Compounds. A number of organic compounds 
are of wide interest from fundamental as well as applied point of view. 
They have opened up a new horizon of our knowledge regarding the 
structure of molecules and mechanism of the various reactions taking 
place in living organisms. The important constituents of our food such 
as carbohydrates, fats and proteins are organic materials derived mainly 
from plant and animal tissue. Besides food, the body needs vitamins, 
hormones and enzymes for its growth and sustenance. All these materials 
are organic in nature. 

The contributions made by organic chemistry in the field of industry,, 
agriculture, health and medicine have been almost unparalleled. The 
synthesis of a large number of dye stuffs from readily available and 
inexpensive raw materials , manufacture of different kinds of plastics such 
as synthetic rubber, thermoplastic, polyethylene polystyrene and resins * 
discovery of synthetic fibres such as rayon, nylon, teryJene, and arlon • 
preparation of essential oils such as camphor and terpenes; introduction of 
antiseptics such as formaldehyde, salicylic acid, iodoform, ’raercurochrome 
chloramine T, gentian violet, thymol and dettol , development of insecti- 

sides such as D.D.T. and gammexane ; making new anatsthetics such as 

chloroform, cyclopropane and terilene ; manufacture of antipyretics 
(which lower body temperature in fever) such as phenaceiin and aspirin 
putting up of narcotics and hypnotics (which relieve pain and induce 
sleep) like morpine, sulphonal and butyl barbitol ; study of natural 
drugs like quinine, nicotine, and synthetic chemotherapic drugs and 
antibiotics (which are poisonous to disease*carrying bacteria but do not 
harm the patient) such as sulphanilamide, sulpliapyridine, sulphaguani- 
dine, penicillin, streptomycin, terramycin, choloromycetin * production 
of a large variety of cosmetics and detergents such as soaps, creams 
shampoos and oilier toilet materials, etc., have revolutionised the modern 
way of life. 


1. Wlut arc the reason? far 
chcmi^^^y 7 


OUESTIO.NS 

trcaiini; organic chemistry separate from inorganic 


G,vc .mrcr.no.-s b..,v..-n organic and inorganic compounds. 

3. Whal .s th- Force- ihcory ? Wliat led to ils downfall ■> 

4. Whal are the iniporlanl sources of or-canic compounds ■> 

5. Describe .he impcr.nnco of organic chemistry in evervday life .and Indus, rv 

siatement wT,rL^mpTs.‘"' the modern way of life." Justify the 

the crTam-c'ompoVnrirri "cj“u^ names of 

o ■'-‘'-•itm. {Pan lah Inter I960') 

8. Unte a concise note on applications of organic chemistry in everyday life. 

. iPaniab Inter 1960 Sy 

9. What are important diftercn- es between organic and inorganic compounds ? 

/ {Madras Inter. 19SSy 
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THE INVESTIGATION OF ORGANIC COMPOUNDS 


When an organic compound has ''1“= 

nbtai wd from any one of the natural sources mentioned m the pres lou 

chapter, it is examined in the following stages : 

(U Purification. There is no use of analysing a compound unless it 

ic mire because the presence of impurities will lead to wrong conclusi . 
Therefore, the first stage is to purify it. The common methods use 
the purpose are described in theneu chapter. 

(2) Qualitative Analysis. The purified substance is then analysed 
nuaiiiathely to find the elements contained in it. The elements comnu y 
nr sent (besides carbon which is always there) are hydrogen, oxygen, 
nitrogen, the halogens, sulphur, phosphorus and inetaN. 

(% Quantitative Analysis. After knowing quaht.ttively the various 

cent. Then the percentage of oxygen - 100 (28 5 ( m i 

. c.vrmiiln From the percentage composition ot the 

nd iTM possible to calculate its empirical formula that is, the 
compuun J d s relative number of the aw,m of , he various 

Simplest formula wy cn t, ,.u nf rhp <:uhsfance The empirical formula 

;;:'ir:c,:;i“dntra':OhfcomXn^ ^ mercy^nd, cates the 
rumples! .url!, in which the atoms of the various elements are presen. tu I 

the 

he /o7S ^CH,a ""fh^ 

'SecuirrForir' The'’mollctda\''‘ formula of a cornpouud 

^thP actual number of the atoms of the various elements constituting^ a 

he compound. The above compound having the empirical 
mo/cf«/e (T mav^havethe same molecular formula or some simple 
formula CH, , words the molecular formula maybcCH .O or 

THO ofcHOs etc. In order to decide between these vinous formulae 
the sTep in the systematic investigation is the determination of 

175 



176 


CONSTITUTION AL OR STRUCTURAL FORMULA 


molecular weight of the compound by any of the suitable processes 
described in Chapter 7 iXI. Suppose the molecular weight is 30 , that is, the 
same as the empirical formula weight. Then the molecular formula of 
the compound will be the same as empirical formula, viz. CH2O- If the 
molecular weight is 60 , the molecular formula will be (CH20)2, that is, 
C2H4O2. In other words, 

Molecular formula = (Empirical formula) X n 


where n = 


Molecular weight 


Empirical formula weight 

(6) Constitutional or Structural Formula. The molecular formula 
merely expresses the actual number of the atoms of different elements 
present in a molecule of the compound. It does not indicate the 
constitution of the compound, that is, the manner in which the various atoms 
are arranged within the molecule. In organic chemistry two or more 
arrangements of the atoms are possible thus giving rise to two or more 
different compounds altogether. For example, there are two compounds 
having the same molecular formula, C2HeO; 


H H 

I I 

H— C— C- OH 

I I 

H H 

Ethyl alcohol 


and 


H H 

I I 

h-c-o-c-h 

! I 

H H 

Dimethyl ether 


In such cases it is necessary to examine the chemical reactions of the 
compound in order to decide, in the above case, for instance, whether the 
compound contains a hydroxyl group ( — OH) or an ether group (— O — ). 


( 7 ) Synthesis. Having arrived at the constitutional or structural 
formula of the compound, the final step is to plan its synthesis from ordi- 
nary raw materials, often starting with carbon and hydrogen. If the 
planned synthesis is successful, the constitution of the compound is 
cofirmed. Not only this. The synthesis of a large variety of useful but 
rarely occurring substances such as hormones, vitamins, dyes, drugs, etc., 
have resulted in their wider availability at very low cost. Therein lies the 
great utility and importance of organic chemistry. 


The \'arious stages outlined above have been discussed in details in 
the succeeding chapters. 



CHAPTER XVIII 


PURIFICATION OF ORGANIC COMPOUNDS 


The importance of purifying an organic compound in systemat.c 

investigations has already been emphasised. ^nd 

The common methods employed for the pur.ficat.on of sol,d_ and 

liquids are ; 

(1) Crystallisation. 

(2) Sublimation. 

(3) Extraction by means of a suitable solv . 

(4 } Distillation under ordinary pressure. 

(5 ) Distillation under reduced pressure. 

(6) Steam distillation. 

(7) FraciionI distillation. 

PURIFICATION OF SOLIDS 

l. Crystallisation. This is the most common method 
employed in omer '’su'dablc organic 

r,'n7d"' “S?o-sroL°; the- following steps : 

(i) Selection of the hn'pun- 

should be such that a large extent that 

ties at all or dissolve,^ separation of the 

they remain in the mother nqu j.jeU 

solid in the e solvent should dis'olvc more of 

Uisalso nccessa. tl^ 

the solid when hot than wi u^ the 

solvent ^vhen hot and thro^vs out the 

r'r'gTv^n boiling points are given 

in brackets : 

,, . -101110110 110-6) ; petroleum ether 

Benzene ( " alcohol (7tS’3 ) 

/rn r,0''l • mctiNl ako'Oi tn> \ 

(f)() ,:,,-.^i ortiate (77 1) ; acetic acid (lie) 

chTo°rofurml6l’ 2 ) ;'carbon tetrachloride (76 r). etc. 

, o •«. tiiP solution The crude material IS powdered and a 
suilabli —t i-s taken m a conical flask. A small volume of the solvent 



Fig. 1. Ikalin 
unJer reflux con 
kiensvr 
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CRYSTALLISATION 


which is Just insufficient to dissolve the whole of the material is theo 
added. If the solvent is water, the mixture is gently heated over a naked 
flame to boiling. If it is one of the organic liquids, heating* is done on a 
sand bath or a water bath. At the same time, ihe flask is fitted with a 
reflux (water) condenser, as shown in Fig. 1, to avoid the loss of the 
solvent. Sometimes it is more convenient to use a simple long glass 
tube (air condenser) in place of the water condenser. 


(Hi) Filtering. The hot and nearly saturated solution prepared in 
water or in any organic solvent in the above manner is then filtered. Care 
X / must be taken to prevent undue cooling of 

solution during filtration, otherwise 
' crystals will separate out prematurely and 

choke the filter and the stem of the funnel. 
^ This is particularly so when large volumes 
^ i [;J yJy l^^ve to be filtered. It is necessary, there- 

H LJ tJ ^ fore, to use a hot water funnel (Fig. 2) 

U A which is an ordinary funnel surrounded by a 

j u metal jacket containing hot water, 

yy 'I f ^ (iy j Crystallising. The hot filtered solu- 

// ; 'A t'f'u is immediately transferred into a petri 

// \\ '-'^vercd with a watch glass, and allowed 

r \ \ t*'' cool slowly if large crystals are required 

A ^ "r rapidly if smaller crystals are desired. 

^ ^ ^ \j> As cooling proceeds, the solution may be 

Fit:. 2. Hot water funnel gently stirred by scratching the sides of the 

^ . vessel from time to time. This often 

facilitate^ crystallisation. Tlie cooling should be continued for 15 — 20 
minutes alter the complete separation of the crystals. 

It may be noted that the insoluble impurities had been removed 
^drlier during filtration and the soluble impurities remain in (he mother 
liquor and do noi come out with the 
crystals. 


Fit:. 2. Hot water funnel 


cbvstals 


' V y Separation and drying of 
pysiaU. The crystals and the'motlier 
liquor are transferred to a Buchner 
ujun.i htt.Hl with a filter pump and 
coTinecicd ; - water tap as shown 

' ' ■ * I’he mother Ikiuor 

passes mto ttie filtration 

flask lacilimicd hv the suction 
creaieJ hv the niter pump. The 
crystals rem.iinme on ili^; filter 
paper are washed uvo or three 
limes wiili a .small qu.intiiv of die 
pure sol\cnt so .as to remove any 
adhering impurities, fne suction 
is maintained so as to drv die 


FILTER 

PAPER 


PERtTR/iTIONS 



PILTEP Pl^MP 



FfLTRATB 


Fig. 3. Filtration under suction. 


crystals as lar as possible, for further drying, the crystals may be pressed 
between two pads of filter paper or transferred to a porous plate and 
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dried in air or in an oven depending upon the nature of the substance. 
Quite often the crystals are dried over sulphuric acid or anhydrous 
calcium chloride in a vacuum desiccator (Fig. 4). 


Sometimes the crystals obtained are a bit 
coloured due to the presence of traces of certain 
impurities. In such cases, the crystals are redissolved 
in a small amount of the solvent and a little of 
animal charcoal is added. The suspension is boiled 
for a few minutes and then filtered and crystallised 

as before. 

2. Sublimation, Sublimation is a process in 
which a solid substance on heating passes directly 
into vapour state and the vapours when cooled 
condense directiv to the solid state. This process 
is very helpful in purifying solids which sublime 
provided the impurities to be removed are non* 
volatile. By this method only a few substanes 



Fig- 4. Drying 
m a vacuum dcsi* 
ccator. 


can be purified. , , , 

The method consists in placing the impure material on a clocl< glass 

dish and covering this with an inverted tunnel the stem o ^ 

plui>i>ed with cotton .ind the sides of which are kept 
The clock glass or the dish is heated gently when 

of subliming is volatilised and the vapours are deposited on ti e li ner 

-nnled surface of the funnel leaving the non-volatile impurities in the dish. 


COiO WaTE^ 


COTTON PLUG 


SUBLJMArn 

PERFORATED 

FILTER 

CRUDE 

/ Simi^TANCE 


SuetiMAff 


V 


suesTANce 



TO VACUUM 


m. V 

Fig. 5. fa) Sublimation, Fig. 5. (A) Sublimation under reduced pressure. 

The dish is generally covered with a perforated filter paper which 
checks the sublimate from falling back into the dish. 

Sublimation under reduced pressure. Those substances which are 
liable to decompose on heating are purified by sublimation under reduced 
pressure (cf. Fig. 5 h). 



180 


EXJ.RACFION 


3. Extraction by means of a Solvent. This method is often used> 
when the substanoe to be purihed is present in aqueous solution or as 
suspension but is largely soluble in one or the other of the various 
organic solvents. Ether, chloroform and benzene .which are sparingly 
soluble in water, are generally used. The method consists in mixing, 
the aqueous solution with a small amount of the organic solvent (say 
ether) in, a separating funnel (Fig. 6.) and shaking the contei^ 
vigorously for a few minutes. Qn allowing the mixture to settle, the 
two liquid layers separate from one another, the aqueous layer (being 
heavier) at the bottom and the ethereal layer at the top. By opening the 
tap the, lower aqueous layer is taken out. The upper ethereal layer is • 
then transferred to a stoppered botile. The aqueous solution is shaken 
again once or twice with ether in a similar manner to extract mofe 
of the substance. The ethereal extracts are then combined and filtered. 
The solute, if solid, is separated by crystallisation and if liquid, by the ; 
process of fractional distillation. 



Fig. 6. A Separating funnel 


t cKUioiH.u 1 vlraction. Soxhieling. Sometimes it is desired to obtain 
a pure produu^ from some crude naturally occurring material. For 
instance, ii I'C ;:'quired to isolate oil from seeds. 

The liiM fhiiic; is to select a suitable solvent which will dissolve only 
the required constiiuer.i hut not the rest. Ether or chloroform are • 
generally used for ibis purpose. Only a small quantity of the solvent 
is taken and it can bd used over and over again. 

The apparatus used is known as Soxhlet's extraction apparatus and is 
shown in Fig. 7. 
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WATER 

CONDENSER 


It consists of a glass cylinder C provided with a side tube T on one 
side, a siphon 5 at the other and a water condenser at the top ao 
shown in the figure. The crude material 
from which the substance is to be 
extracted is placed in a porous thimble 
(shown by dotted lines) which is placed 
within the cylinder C. The height of 
the thimble is a little more than that 
of the siphon tube. The apparatus is 
then fitted into a flask containing the 
required solvent. 

The flask is heated gently on a water 
bath or a sand bath so that the solvent 
begins to boil. The vapours pass up 
through the side tube/’ into the water 
condenser above and condense to liquid 
which falls down into the thimble and 
slowly fills the body of die cylinder 
C and dissolves the required organic 
substance from the crude material. 

When the condensed liquid reaches 
the top of the cylinder C, it siphons 
back into the boiling flask. The solvent 
is heated and vaporised again as before 
while the extracted substance remains 
behind in the flask. The process repeats 
itself a number ot times so that more 
and more of the organic substarice gets 
extracted and transferred to the llask 
along with the solvent. Ultimately, the 
whole of the substance gets extracted 
from the crude material Finally, it is 
isolated from the solvent by any suitable 
method such as distillation, etc. 

Soxhiel's extraction apparatus is 
frequently used not only for the extrac- 
tion of oils and fats from seeds and 
flowers but also for the c.xtraclion of 
alkaloids and other natural products from plants. 

Rpccnilv a new analytical technique, known as Vhromato- 
Chronialography. K , ^ employed for separation and purification 

graphy- nawral sources (viz., plants and animals) 

of organ, c by .he Russian botanist Tswet, ,n 1906, is 

J^haTdifferent constituents of a mixture on being poured down 
based upon the f^actl at ^ alumina, silica gel. chalk) ore adsorbed to 

a column of a -. ui. solvent (ether, petroleum ether, benzene, etc.) 

diirerent whfeh s%arates the constituents into distinct bands. These 

is then ciut^^^ solvents and collected separately. By 

sduKearmcm "elch of the f. actions usually yields a different const, tuent. 



SuLVttNT + 
CXTKAOIF.O 

$UBi>T\NCt 
\ 

\ 


Fig. 

lion 


7. Soxhict's Exlrac- 
apparatus. 
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DISTILLATION UNDER ORDINARY PRESSURE 


For instance, using chromatographic analysis., Tswett separated cholorophyll, 
the colouring matter of the plants, into two cholropbylls ‘a* and ‘b’, xanthophyll and- 
carotenes. 

This technique has lately been used industrially also. Several types of chromato- 
graphy are now used such as ‘displacement chromatography,* partition [chromato- 
graphy, adsorption chromatography, liquid— gas partition chromatography, etc. 

PURIFICATION Of LIQUIDS 

Liquids are generally purified by the process of distillation. There 
are several ways of distillation each of which requires a special meution. 

4. Distillation Uuder Ordinary Pressure. If the liquid to be purified 
has comparatively a low boiling point and does not decompose before its 
boiling point is reached, it may be purified by simple distillation provided 
the impurities contained in it are themselves non-volatile- The apparatus 
vused is shown in Fig. 8. The impure liquid is taken in a round-bottomed 



Il3sk having a side tube connected to a water condenser. The 
la-K ho.-iL-d directly on a flame. But if the liquid is inflammable, it is 
\ -.itn! ‘i!\ a ''aiul bath or a water bath. The vapour of the liquid pass 
ihc ooiulenser where they change into liquid which flows down 

tiv'- .1 a-, shown in the figure. The impurities remain behind in 

dr- Hask. 



i ■ • ;,\ ioii 

i;-' ■> 


Miptrheating and bumping it is desirable to add a few pieces 
poicclain or a few glass beads to the mixture in the distilla- 


important point to be remembered in the distillation process is 
the thermometer, if used, should be kept above the liquid, just 
below (he position where the side tube is fused into the neck of the flask, 
as shown in the figure. 
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5. Distlllatioo Under Reduced Pressure. If the liquid to be purified is 
liable to decompose when heated to its boiling point in the ordinary way, 
under atmospheric pressure, the distillai ion can be carried out without 
decomposition at a much lower temperature under reduced pressure. As 
the chances of superheating and ‘bumping’ are greatly increased in distill- 
ation under reduced pressure, a special foim of distillation flask, known 
as Ciaisen flask, is used to minimise this effect. 

A simple form of low-pressure distillation apparatus is shown in 
Fig. 9. 



Fig. 9. Dislillalion Under Reduced Pressure. 

TU.. ruicr^n n has two necks, one of which carries a thermometer 

as uTial and L o hercames a capillary tube which is par.ially closed 
? usual ana tne pressure tubing-screw clip arrangement through 

whi^h a steady stream of air can be regulated. This avoids superheating 
ThrsideTrm of he Ciaisen flask is then connected to a water-cooled 
ptr ITnsual. 

manoS? ."o indicate (he presssurc, at which the distillation is being 
carried out, is often included in ihe assernb^, as shown. 

Thus glycerine, which has a normal boihng point of 290 can be 
distnild wdhout decomposition at 180= when the pressure ,s reduced to 

,i,, tioo This process consists in distilling a substance 
in a cur^lnt of ts app^iicable when the substance to be distilled 

(purified) 

(i) is insoluble in water 
(ii) has a high molecular weight 

(Hi) has a fairly high vapour pressure at 100 .^nd 
(iv) the impurities contained in it are non-volatile. 
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^TEAM DISTILLATION 


The apparatus is shown in Fig. 10. The steam is generated in a 
•metal can. The solution to be distilled is placed in the round-bottomed 
flask, clamped at an angle so as to prevent the solution from being 
sDlas’hed into the condenser. The tube carrying the steam from the can 
-dips below the liquid in the flask. The distillation flask is kept heated 
gently on a sand bath in order to avoid too much condensation of water 

-into it. 



Fig. 10. Steam listillation 

The boiling of the liquid in the flask soon sets in and the vapours of 
the organic compound mixed with steam pass over and are condensed in 

the receiver. 

7 lie next step is to separate the organic compound from water. If it 
i-, I solid, it may be separated by decantation or filtration. If it is a 
liqjul. c.\n be isolated by putting the mixture in a separating funnel in 

‘.he ua. il way. 

I'lir-. .pic of steam distillation. It is well-known that a liquid boils at 
•I ' 1 ' I iiiiic :u which vapour pressure becomes equal to the atmos- 

\,.W, in steam distillation there are vapours of water as 
-i' ihv- or-i.inic liquid (under distillation). Let/)ibe the vapour 
1 n.,re\v.iicr and />, that of liquid. Evidently, the mixture will 
. , • 'Iw ill which 

Pi—Pi = atmospheric pressure. 

..bviousthat this temperature will be lower than the normal 
hvv.tnc point of the organic liquid or even of water because Pi-tPi can 
approach the atmospheric pre>sure sooner than either /», or p^ alone. For 
VN.irnplc. aniline which boils normally at 184" will boil in steam at 98'5“ 
{i c.. at a temperature which is even below the normal boiling, point of 
water). Vapour pressure ot water, />,. at is 717 mm. and that of 

aniline, /».. is 43 mm. 

/)i 4 - p.^ = 760 mm. = atmospheric pressure 

The relative amounts of aniline and water in the distillate depend 
upon molecular weights and vapour pressures at the boiling emperature. 


pli 

\V,' 

•'r ■ 
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18 X 717 ^ 

weight of aniline distilled 93 x 43 

7, Fractional Distillation. This method is used when two or more 
liquids with boiling points far removed from one another have to be 
separated. 



Fig. 11- Fractional distillation 

If the liquids differ appreciably in their boiling points, say by 30 or 
40'’ they can be separated by using ordinary disiilliation apparatus shown 
in Fig 8 Suppose one liquid (A) boils at 50° and the second liquid (B) 
boils at 90° Then on heiting their mixture in the distillation flask, the 
fraction boiling in the neighbourhood of 50° will contain mostly A 
together with a small amount of B while the fraction boiling m the neigh- 
bourhood of 90° will contain mostly B together with a small amount 
of A These fractions are separately collected and then redistilled two or 
three times. Ultimately, the fraction collected at 50° will be pure A and 
that collected at 90° will be pure B. 
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FRACTIONAL DISTILLATION 


It may be recalled that the boiling point of a liquid or the mixture of two or 
more miscible liquids, is the temperature at which the vapour pressure 
becomes equal to the atmospheric pressure. Now, as the more volatile component 
(A) starts distilling over at about 50®, the liquid phase becomes richer m the less 
volatire liquid B. The vapour pressure will, therefore, decrease. In order to bring the 
vanour pressure again at the level of atmospheric pressure so as to keep the mixture 
boiling the temperature will have to rise. Thus there is almost a continuous rise in 
temperature with continued boiling, although the rate of rise is less rapid near the 
first boiling The students are cautioned against the common mistake in certain texts 
that the temperature remains constant or the first, boiling point till the whole of the 
low boiling comoo nent distils over and then rises all of a sudden to the next boiling. 
This statement is contrary to theory as well as practice. 

When the liquids to be separated have very close boiling points, such 
as acetone (B.P. 56“) and methyl alchol (B.P. 65°). a fractionating column 
is fitted into the distillation flask (Fig. 1 1). 

A fractionating column is a long tube of wide bore blown into a series 
of bulbs either spherical or pear-shpaed. Alternatively, the tube is 



Be D 

Fie. 12. Fractionating columns. 


filied witli beads or broken glass tubes. The real purpose is to 

nicrca'C tbi' cot'lin** surface and to provide obstruction to the passage of 
ascending \;ip‘nir or ilescending liquid. Several types of fractionating 
ci'lumns arc ii'cd in laboratory operations as well as in industrial pro- 
cesses. Soniv. l i the fractionating columns commonly used in laboratory 
or^aaiion.s arc shown in Fig 12. Out of these, two forms shown as A 
and /?. ha\c been found to be more useful than the rest. The form A 
oaoisting of a glass tube packed with very small pieces of glass tubing or 
glass beads i^ probably the most efl'ective. 

In industrial processes much longer columns are used. 

The principle of a fractionating column will be clear from the 
following. As the mixture containing^ liquids A and B boiling, say at 55® 
and 65®C respectively, is heated in the distillation flask (Fig, 11), the 
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vapours consisting more oM than of 

pass - 

the condensate (hquid) consul y hot ascending 

flows down the iraclionaiing ^ ascending vapours are lobbed 

vapours. Du,.ng.Msmeeungproce*.he^ascer,d^^ ^ 

nfl’ the less volatile component o t^^iiinniHi lo-es its more \o.atile 

:1rd flo-ng l.quid sviule condensate ver> much 

component /I which joins Ih * . j evey point m the Iracii mating 

enriched m ri. Th.s process is ep aud^ <op o the 

Li^neju 

:-?’^Lr]:^t;id,r="Hr^-opera.ions. 

CRITERIA OF PURITY 

There are a -her of — s of ascerlammg i|. P^-V ^,o;pan,c 
compounds. Amongst *^are the simplest and most 

'S' sss,Sur.Sd‘rsK ,.««». i.d., 

Melting point. The most point.' A*^ pule Compound 

■ compound is the determination ^ ,4, fhan 1 whereas an impure 

will alwa>s melt sharpiv wi | C ,cmperalure. Moreover, a i uic 

compound will melt len.pe.aiu.e under o, dinars cond - 

compound will alwass ;^J^,d will rielt at an indclimle leinrerauite, 

H? of if i^ -ef 'm a = h J cn;-g mid^ 1 nmi. 

mofsicncd and held to a "if—"' "'he lact whether the melting point ot 
Xhur.c acid bath dependmg upon t lOgo respectively. U ta 

!he^substance is expected to be belo ^ substance is 

mrortard '''at bottom of ti e captU^ hulb and about half ot 

'r"'-tnry tub^ Zumsta'nd above the surface of the liquid, f be bath 
’fyo^idedw,.!, a Stirrer as showm. gentle stirring. As the 

The liquid bath is beaUd .olid is .cen to become a transparent 

nrelting po?nt approaches, the opaque ' he 'thermometer gives . he 

Cid.® The temperature teoord d on p„i„, ,,,0 com- 

”;td® tC'ubstatlc'e- u^ndcr:Lm, nation may be iahen as pure. 
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CRITERIA OF PURIFY 


If, however, the melting point is not known, the substance may be 
recrystalhsed and the melting point determination repeated. If the two 
values agree, the substance is pure. 


n 



riij. p. ncU’rrninaiion of melting point 

■' ‘''■■'ntific.'ition of a compound can be confirmed by the 
hi'? been loierminp i ^nppose the compound, thc melting point of which 

comnnnVA • An 1^ T. Some of it is mixed with a little of pure 

is u-' ir tf I iiAA I'r mixture determined. If the melting point 

‘■'‘•■‘'"Pf’undis .V. If the melting point is less, the 


' '^''1*1 - *1 examination is a liquid, its 

uAVl ’.i' ;• ^ >^S boiling point. One simple 

u . ; (I ,1 d.krm.ning boiling point if the liquid is present in a sufficient 

qi. distil n 35 apparatus shown in Fig. 8 . If the 

rrnvTns ^ thc Side tube 

; I A’" ‘l^roughout the liquid is pure. However, if the temper- 

M h ^ distillation, the inference is that the liquid is 
Kits ;i with some impurities. ^ 

liquid available is small, an alternative procedure 
Known os S wolowoff s method is used A small quantity of the liquid is 
taken in a thin-walled test lube and a capillary tube sealed at about one 
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jentimetre from one end is introduced into ii. The test tube is then 
ittached to a thermometer by means of a rubber band in such a way that 
he liquid stands just by the side of the bulb as shown in Fig. 3 14. This 
issembly is lowered into a beaker containing water or sulphuric acid or 
inv other suitable liquid. The bath is healed gently and the liquid stirred 
.lowlv but continuously. At first a few bubbles will be seen to rise from, 
he lower end of the capillary but their number becomes more and more 
is the temperature rises. When the bDiling point of the hquid is reached 
ihe bubbles rise in a rapid stream in quick succession. This temperature 
IS noted. The stirring is continued but heating is stopped and the 



Fig. 14. Determination of Boiling Point 

. -•! vvFirh the evolution of the bubbles just ceases is noted. 

Kean of th^^wo 8'™* '"e bo, ling point of the liquid. 

Mixed Boiling Point. The indent, Hcatton “f bJl’S 
method of mixed boilmg pome U is mixed with a little of pure compound 

determined. bduvei to be _ determined. If the boiling point is unchanged, 

^.en'the otSna^lip is V. If the boil.ng point is rai.ed, the compounJ is no. df. 
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QUESTIONS 

1. Outline briefly the various methods in vogue for the puriflcation of solid 
organic compounds. Discuss their relative merits and demerits. 

2. Explain why it is necessary to distil organic liquid sometime under a reduced 
pressure, Describe one such method. 

3. What is fractional distillation ? Is it possible to separate two miscible liquids 
from one another by fractional distillation in a single process ? 

4. What is a fractionating column ? How is it possible to get a better separation 
of miscible liquids by means of a fractionating column ? 

5. How would you find whether a given solid is pure or not? If it is impure, 
how would you purify it ? 

6. How would >ou ascertain whether a given liquid is pure or not? If it is 
impure, how would you purify it ? 

7. Discuss the principle of steam distillation. How is aniline purifled by this 
method ? 


8. Explain how would you effect the separation of two liquids with boiling points 
separated from each other, say, by 10“C. 

9. Write notes on the following ; 

(») Soxhlci extraction («) Fractional distillation 

(Hi) Vacuum distillation (iV) Steam distillation. 


10. How woi Id \ou determine (a) the boiling point of a liquid (6) the melting 
point of a solid if they arc available in small quantities ? 

11. Explain so far as possible, with examples, any three of the following for 
purilN ing an organic substaoce : 


_ ^'0 Steam distillation (/7i) Vacuum distillation (/V> 

Crystallisation (v) Extraction with a solvent. How would you ascertain that the 
sample obtained is pure ? (Panjab Inter. 1962 S} 


]2. ^ ou arc ^.ivcn a nuxiure of aniline and caustic soda solution. Describe giving 
details, how would \ou got a pure sample of aniline. Explain the principle underlying 
the sarious operations. How would you prove that the sample got is actually pure ? 

(Panjab Inter. I954y 

13. Namu and explain the process involved in the separation of a pure organic 
compound Irom the lollowin^* ixpes of mixtures t 


fi'j 

otlitr. 


Of two soluble substances but with differeDt solubilities. 

Oi twu Nolalilc liquids but with boiling points not far removed from each 


(ill) t.)) an oii’-.nie liquid and an inorganic miscible impurity. 

•M -sketch of the apparatus used in the process of steam distillation 

v it r .* V I M « Name one organic liquid which though immiscible with 

'•.ucr 1 . volaiile m steam. Enumerate the cnicra of purity of an organic compound. 

(Panjab Inter. 1956 S) 
mixture of liquid 

mod' eat “ ^onie of the liquids are decomposed by strong heating, what 

iliaar- ms ' ^ process, lliuslratc your answer by simple 

P^’^P^^ratlon of a liquid organic compound, the product obtained is 

\Vh?f* "'!h solution of inorganic salts, 
hat methods would you try for isolation of the organic liquid ? (Punjab Inter. 1958) 
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compounds. Show how you would test that the comp {Punjab Inter. 1962) 

compound, solid or liquid, is pure . , .j mirifvinc the organic compounds. 

21 . Fill in the blanks : 


(0 Crystallisation is JLfor— and respectively. 

00 The criteria of Tn steam can be purified by— • 

j A compound which .^ola>de - -before .her— is 

<W , ,,e coo.am.na.ed 

reached. , mirifvinc which are— ana ar 

(V) Sublirnation is used for puniymw 

Y^u arJ given a mixture of aniline and KOH r°ac'’p^rJ' / 1963) 

"‘'“"'^rbrl^y Wi.h the help of diagrams any ,*ree of .he follow, n, : 

(a) Fractional distillation. 

(h) Vacuum distillation. 

Slc^m 

(rf) Extraction with a solvent. rZ>.C Pari /, 1964) 

,, , 0 , Oraw a simple dla.am of .he appara.us used In .e followlh. 

°‘’",0°Frae.ional Dls.llla.lon, 
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DETECTION OF COMMON ELEMENTS 


The common elements which occur in organic compounds are few in 
number, being generally carbon, hydrogen, oxygen, nitrogen, the halogens, 
sulphur,phosphorus and sometimes metals. A specificjtest for each element, 
except oxygen, has been standardised. The presence of oxygen is 
inferred from certain characteristic reactions of oxygen-containing groups 
such as-OH, -CHO. >C=0, -COOH, etc. 

Detection of Carbon and Hydrogen. The presence of carbon in an 
organic compound is assumed. However, the presence of carbon can be 



Fig. I. Detection of Carbon and Hydrogen. 

tCilcd along with hydrogen. A small amount, about 0*1 gm., of the 
powdered Mibstancc is mixed with about ten times its weight of finely 
pov.dcrcd .uid dried copper oxide and the mixture is heated in a hard 
glass test tube provided with a delivery tube which is dipping in lime 
water as shown in Fig. 1. The presence of hydrogen is indicated by 
the Condensation of water in the bulb and that o! carbon by milkiness 
developed in tlie lime water due to the formation of sparingly soluble 
calcium carbonate. The condensed water is tested by anhydrous copper 
sulphate. 

Precaution. The copper oxide used in this test must be completely 
dry otherwise a small amount of the moisture contained in it may give 
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of the presence of hydrogen. 

obvious reasons. • ■ 


ouvious reasons. ^ though not 

Detection of Nitrogen (a) j eating the substance 

nitrogenous compounds ^ ‘ 

ammonia under these conditions. , , , 


SODIUM 

MCTA’. 


jnder these conditions. heated 

(b) La«aigne-s test. A small F,g. 2. 

3 “=. 5 '£ . 

substance is added possible. The red 

gently and then as amount of distilled 

hot tube is plunged thereby broken, 

water contained m along with pieces 

The fused mass J suspension is boiled 

antoln” o^^t ° tesWy P-P-'J ‘“a 
suipbate and the " a"e tlmn added and the 
of ferric <;hloride so'o m ,m,j. 1 

solution is me original esmpound, a 

nitrogen is present ^ is obtained. 

‘''‘rhr'tr^rganic sub^ ,he compound form 

sodium, the nitrogen (if prci.e 

sodium cyanide. ^ m ^ NaCN 

Na + C -1- N 



2. Fusion with 


I ... 

sodioni n^olu*. 


I -ICl I - 

‘1 11 P V r ^ 's o 1 s o d I u ni 1 ^ 

alion of sodium ferrocyan.dc. 


FeSO, -r 2NaCN 
FetCN), + 4NaCN 


Fe(CN).. + Na,SO, 
NailFe(,CN)nl 


FelCINI, -T- 

ferrocyanide. 
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3Naj[Fe(CNjs] -j- 4FeCl3 — Fej[Fe(CN)e ]3 - ]2NaCJ 

Ferric ferrocyanide 
{Blue or green) 

The addition of hydrochloric acid is necessary to dissolve any ferrous 
hydroxide that may be formed by the action of sodium hydroxide on 
lerrous sulphate. It this is not done, green precipitate of FeiOHlj. might 
cause confusion giving wrong indication for the presence of nitrogen. 

If the substance contains both nitrogen and sulphur, sodium sulpho- 
cyamde may be formed which with ferric chloride will give a blood red 
coloui due to the formation of ferric sulphocyanide. 

Na - C - N -t- S » NaCNS 

FeCU - - 3NaCNS — ► 3NaCI -j- FefCNS)^ 

If the organic compound is a volatile liquid, it may simply boil off 
without reacting with sodium. In such cases the fusion tube should be 
much longer so that a part of the substance may condense in the uDoer 
cooler part and fall back to come in contact with the molten sodium.^ 

Wire Beilstein’s test. A piece of copper 

it no noer 7 cleaned and heated in an o.xidising flame^^ill 

h uelu back Tn n dipped into the subitance and 

s n7( r.i ? I (chlorine, bromine or iodine) is indicated. This 

t iinim* no 'h-dn^p f substances such as urea, thiourea, con- 

t.iinii,L no halogens, also give positive test thus misleading the worker. 

wit!) amount of the substance is heated 

will ‘'ornhiii » nitrogen when the halogen present 

n ! - i ^'Hiiuni giving the corresponding halide (NaX) The 

IM !i n r -.''i f filtered. The filtrate is acidified 

if imv Tin *^.1 r’*' cUcompose the cyanide or sulphide, 

s^lLirton ^ 1' cooled and a small amount of silver nitrate 

\Mil heOh'iamcd. halogens is present, a precipitate 

N'aX - AgNO., ► AgX - NaNQ., 

ppt. 

\ . .ti PKcipiL.ie (ni .AgCl) soluble in ammonia and insoluble in nitric 
CrU-i ' ' ■^'r’ pro-ence of chlorine ; pale yellow precipitate (of 

ip'.i,'.. ammonia but insoluble in nitric acid will 

‘ ^ K presence of bromine while a yellow precipitate (of Agl) 

■ ‘ b . ammonia as well as m nitric acid will show the presenceVf 

ill ino L«>mpciind. 

, . be further confirmed by taking 

■ ki n ■ leu. 1^,1 ' r bbiate. boiling with nitric acid as before, 

, r ; I I ‘’r carbon tetrachloride and a small amount of freshly 

.n U o?.„r^e'T h 'he carbon tetrachicride 
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Detection of Sulphur, The Lassaigne's filtrate is obtained as in the 

preceding tests. If the compound contains sulphur, sodium sulphide \mI1 
be obtained in solution. 

2Na -r S Na,S 

The presence of sodium sulphide can be detected by an> ol the tollow- 

ing te^^^ fiy the addition of Midium nitroprusside, a Jeep Molet colora- 
tion is obtained. 

(ii) By the addition of lead acetate and acetic acid, a black precipi- 
tate of lead sulphide is obtained. 


(CH:,COO)-.Pb 

Lead acetate 


Na,S — - PbS 2CH.COONa 

^vau ttvvvaiv BldCk ppt* 

If a substance is too volatile, it may not respond to the above test 
for sulphur. In such cases the compound is fused with ‘j, 

potassium nitrate and sodium carbonate, when sulphur. ii present is 

oxidised to sodium sulphate. 

3KNO;, — *• 3KNO, '^Oi 

Na.CO:, - S - 30 Na.SO, CO, 

The presence of sodium sulphate in soluiioi. is detected by 
tion of barium chloride when a thick white precipitate ol barium sulphate 

insoluble in all acids is obtained. 

Na.SO, -- UaCI.. — ► BaSO, 2NaCi 

N\ llile- ppi. 

substance li'J.ed! "rhe Scd°'n,rsr ,s'».rac.cd with 

SisliUcr." .bcn .rca.ed exuciv in .he san.o way as ,n 

Lassaignes test for detection of nitrogen, sulphur and halogens. 

This method is evidently simpler and more convenient than the Ussaigne s 

method and is used in many laboratories. 

rs . «r Phnsoborus The usual method of detecting phosporiis is to o.vidise 

Detection " posc the subttance is fused with sodium peroxide 

It phosphoric acid. Foj- ^ P P • The filtrate containing sodium phosphate 
and the fusee mass IS acid and ammonium molybdate. A yellow prcci- 

pi.afc or colour (of ammonium phosphomolybdatcl shows ibc presence of phosphorus 

in the original compound. , n 

Defocflon of ^^e(ills. The substance is ignited on a paliinum fod to J'^''‘oy all 
organic rJat°"r. The res, due is examined for n.clalhc r.uhcals by the usual q.ial,.- 

laiivc analysis. 

QUESTIO.NS 

1. Describe and explain the icsis used to detect nitrogen .'ind chlorine in an 
organic compound, 

2. How would you detect sulphur in an organic compound ? 

3. Explain the following : 

(/) While testing for halogens the Lassaigne’s fillraic is boiled with nitric 

4IC i ^ 

(/7) Beilstcin's Test for halogens is not reliable. 

Uii) Soda lime test for nitrogen is misleading. 

Uv) Completely dry copper oxide is used in testing hydrogen. 
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4. What ele-nents other than carbon are commonly present in organic com- 
pounds? Give tests for any two of them. 

s Ynn areoivenasamole of para amino-benzene sulphonic acid (sulphanilic 
acid). How would you proceed to establish the presence of 

in it ? , . 

Describe carefully how you would detect the presence of nitrogen m an orpmc 
compounrand"expf:[n“'as far as possible the reactions involved means of e,uayo^ 

7. Describe in detail the methods used for the detection of halogens m 
compound. Give equations and reasons for the various operations. \Panjab 

8. An organic compound contains N, S and Br. How would you 

determine the presence of the above elements in it ? {Ajmer, Inter. 1952) 

9. How would you detect the presence of N. P and Br in '^1959) 

4 

10. Describe how the presence of sulphur, nitrogen and 

compound can be detected. {.4n(ihra inur. lyo^f 

11. Give a scheme for the detecnon of nitrogen, sulphur and iodine in anorganic 

compound giving equations for the reactions that take place at each suj^ 7950 ) 

Fill in the blanks : 


12 . 

(*•) 

Hi) 

Uii) 


l.assaignc’ test is used for . 

Bcilstcin’s test is not a test for halogens. 

Oxygen is detected by method only. 


1 3. Describe the experimental details of Lassaigne*s for N. S and 

lialogens. Give equations to explain the chemistry of re^cUO"^m^^clt^ca^e^^ 
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QUANTITATIVE ANALYSIS 


After identifying the elements, the next step in the systematic iineiti- 
gation of an organic compound is to find out the percentage by weight ot 
each element contained in it. The methods in u^e at present are capable 
of giving results of very high degree of accuracy. 

Estimation of Carbon and Hydrogen The method tor estimatino 
carbon and hydrogen rests on the principle that known weight of the dry 
substance is heated in a current of dry air (free of carbon dio.xide) or 

o.vyge//, in the presence of ^/r>' copper oxide, till all the carbon is 
oxidised to carbon dioxide and all the hydrogen to water. The w'ciglu of 
carbon dioxide produced is determined by absorbing it in weighed potash 
bulbs and that of water by absorbing it in weighed calcium chloride tubes. 
This method is known as Liebig's combustion method. 

Apparatus. The apparatus consists of three parts : 

( 1 ) Oxygen or air supply 

(2) Combustion lube 

(3) Absorption unit 

(1) Oxygen or Air Supply. The oxygen or air used is freed from 
moisture and carbon dioxide by passing it through a series of wash bottles 
or bubblers containing concentrated sulphuric acid and Li-tubes containing 
soda lime (not shown in the diagram). 

The gas is then led through a bubbler or a conical flask containing 
concentrated sulphuric acid (Fig. 2.) This serves as a guage to indicate 
the rate of flow of the gas. 

(2) Combustion Tube. The combustion tube is made of pyrex glass 
or of silica and is open at both ends. It is about 2 cm. in diameter. Its 
length is about 10 cm. more than the furnace in which it is to be healed. 
As the length of the furnace usually varies from 75 to 80 cm , the length 
of the combustion tube varies from 85 to 90 cm. The ends of the lube 
are fitted with rubber corks singly bored. Air or oxygen enters from one 
end and the gases produced during the combustion leave at the other end. 
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ESTIMATION OF CARBON AND HYDROGEN 


The tube is filled as shown in Fig. 1. 


SUBSTANCE 


COPPFIi OSlDt 


— sia. Mta I HlB. -»k2 

~vrr M ® ^ ^ -m 




0\tL)li£l> BOAT 
OiPPkn GAI.^IE 


OXIDISED 
CCPPEft CAUZE PLUG 


Fig. 1. Filling of combustion tube in the estimation of catbon and hydrogen. 

About half of thi tube is hlled with dry ignited copper oxide held in 
position by two oxidised copper gauze plugs A and B. About 0*2 gm. 
of the organic compound under examination, accurately weighed, is 
placed in a small porcelain boat. Next, to the left, is put an oxidised 
copper role occupying nearly 15 cm. of the tube. 

(3) Absorption Unit. The absorption unit (Fig. 2.) consists of 
three parts which can be detached from one another : 

(a) A weighed calcium chloride V‘ tube to absorb water produced 
during the combustion. 

(b) Weighed potash bulbs, moft than half filled with concentrated 
potassium hydroxide solution, to absorb carbon dioxide produced during 

c ombustion and 

(c) A guard tube containing a mixture of fused soda lime and 
calcium chloride to prevent the entry of moisture and carbon dioxide from 
the atmosphere into the potash bulbs. 

Procedure. In the beginning, before placing the organic substance in 
the boat, the absorption unit is disconnected from the combustion tube. 
The lube is heated strongly by lighting all the burners so as to dry it 
completely. A slow current of dry air or oxygen freed from carbon 
dioxide, is also passed through it to facilitate the complete removal of 
moisture and carbon dioxide from the tube. This continues for about 
twenty minutes. 

.\baul 0 2 gm. of the substance to be analysed is accurately weighed 
in the boat which introduced into the combustion tube. The calcium 



Fig. 2. Apparatus for the estimation of carbon and hydrogen. 
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chloride tube and the potash bulbs of the absorption unit are also- 
accurately tveighed and connected in the assembly, as shown in Fie 2 
All connections must be air-tight. ’ 

At firs', a slow stream of air or oxygen is led through the tube and 
the copper oxide layer IS heated by lighting ail the burners beneath h 

Ultimaicly the boat itself is heated by lighting the burners below it The 

organic substance is strongly volatilized and the carbon and h dro^en 

present in It are oxidised to caibon dioxide and water rcspectiveh 'bv 
interaction With copper oxide. i^-pecuxei) Dy 


CO, H- 2Cii 

- Cii 

^’xyceii. The oxidised 
to oxidise any \apour 


C (from organic substance) - 2CaO 
2H (from organic substancej CuO 
The oxidation is aided by the current of air or 

copper gauze, placed to the left of the boat, serves 

of the substance which may difuse backw ards. 

The heating is continued till the whole of the substance is comnletelv 
oxidised. It usually takes from two to three hours for cSSe 
combustion. Towards the end, the current of air or oxygen is made more 
rapid to ensure the complete sweeping away of all traces of carbon dio ide 
and moisture produced The absorption assembly is then disconnected 
When cooled, the calcium chloride tube and the potash bulbs are sep na elv 
weighed to find out the amoui of water and carbjn dioxide formed ^ 


be 


Precautions, If the organic compound contains nitrogen also, it may 
partial y oxidised to oxides of nitrogen As they are also so ubie in 

potash solution, they introduce an eiior. Therefoie, a roll of briohi Conner 

guaze IS put into the combustion tube at C (Fig. I), This reduces the 

oxides ot nitrogen back to nitrogen and the error is avoided. 

If the organic compound conlaiiib halogens, it is advisable to nut a 

roll of silver gauze at D. It absorbs any tree halogen forming tlie silver 
hiilids. 


If the substance contains sulphur, the copper oxide used is mixed with 
lead chromate which will retain the sulphur as lead sulphate. 

Calculations. 


Let the weight of ihe substance = n gm. 

Increase in the weight of calcium chloride tube 

i e.. the weight of water formed — .vgm. 

Increase in the weight of potash bulbs, i.e , the 

weight of carbon dioxide formed = >'gm. 


44 gm. of COo s 12 gm. of carbon 


Percentage of carbon = . 


1 ^ 

tr 


18 gm. of H,0 2 gm. of hydrogen 


Percentage of hydrogen = 


A A* 12^ 

18 ‘ ‘ w 
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Example 1 0-280 gm. of an organic compound containing 

hvdro^en a^nd oxygen gave on combustion 0 3933 gm. of carbon dioxide and 
0 1693gm of^vater. Calcuiate the percentage of carbon and hydrogen. - 


Weight of the substance 0*280 gm 
Weight of carbon dioxide = 0*3933 gm. 

Weight of water — 0*1693 gm. 

. Wt. of carbon in 0*280 gm. of the substance 

-It X 0*3933 
44 


12 v0*3933 

Percentage of carbon = ^ "tTISO" ^ * 


= 38*30 


Similarly, weight of hydrogen in 0*280 gm of the substance 

= ^.0 1693 

2 0 1693 

Percentage of hydrogen = “jfg o~280 ^ 

6 72 

Example 2. An organic substance contains 
nxvecn 0 24 gm. of the substance gave on combustion 0 036 gm. oj water 
.and 0- 22 gm. of carbon dioxide. Calculate the percentage composition of 

the compound. 


Weight of the substance 
Weight of water 
Weight of carbon dioxide 

Percentage of c*arbon 


= 0*24 gm. 
s 0 036 gm. 


= 0 220 gm. 


= ^x022x 
44 

« 25 00 


100 

024 


Percentage of hydrogen 


*> 100 
= fg -0 036X 

= 1*66 


Percentage of oxygen (by 

tJitfi’ii'iicc) = 100 — 26*66= 73 *34 

.1 luis ilic percfiitagc composition of the compound is: 


C = 25*00 
H - 1*66 
O = 73*34 


Estimation of Nitrogen. Nitrogen is estimated by two methods. The 
iiFvt is known as Dumas method and is applicable in^ the case of all 
ttr-uuuc .suhstanccs. The second method is known as Kjeldahl’s method. 
This is of limited application as ir Ae in the case of those 

Ci-mpoiwds which contain nitrogen atoms linked either to oxygen or to 
other nitrogen atoms. Hotli the methods are described below : 
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Dumas' Method. The method consists in heating the organic com- 
pound with cupric oxide in an atmosphere of carbon dioxide. The carbon 
and hydrogen are oxidised to carbon dioxide and water (steam) respectively 
Sulphur, if present, is oxidised to sulphur dioxide while nitrogen is 
set free. If any o.xide of nitrogen is produced, it is reduced back to 
nitrogen by passing over hot shining copper gauze. The gases are then 
led into a special apparatus known a> Schifi's nitrometer (Fig. 3) which 
is filled with 30 per cent potassium hydroxide solution. Carbon dioxide 
and sulphur dioxide are absorbed by KOH, steam condenses, while nitro- 
gen collects over potash in the nitrometer. Its volume is noted. 

Apparatus. The apparatus is shown in Fig. 3. It consists of ; 

(i) A carbon dioxide generator which is usually a hard glass tube con- 
taining sodium bicarbonate. 

(ii) A combustion tube which is essentially a hard glass or pyrex glass 
tube open at both ends and about 10 cm. longer than the eombustion 
furnace in which it is placed. 

The combustion lube is filled as shown in the figure. 

(Hi) A Schiff 's nitrometer which is simply a gas burette filled with 
30 per cent potassium hydroxide solution and a little mercury as shown. 
The mercury serves the function of a valve as it lets the gases to pass into 
the nitrometer but prevents the back flow of the potash solution. 


f.. 



Fig. 3. Apparatus for the estimation of nitrogen by Dumas' method. 

Procedure. A weighed amount of the substance under examination is 
thoroughly mixed with fine cupric oxide and is introduced into the com- 
bustion tube in the position indicated in the figure. The weight of the 
substance should be such as to give between 30 to 40 ml. of free nitrogen. 
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srs si“S,rK' Si"™ S' s 

formed. 

Th? nvidised coDoer gauze placed at the beginning of the tube serves 

to oxl^dise the Lbstance which might diffuse back wards. 

It is essential first of all to displace all air from the combustion tube. 
For this Duroose the carbon dioxide produced by gently heating the 
fodium bicarbonate is made to sweep through the tube. After some time 
when it is thought that the air has been cornpletely displaced, the 
reservoir of the nitrometer is raised so as to Qll it completely wjth 
notassium hydroxide solution. The tap is then dosed. If the air has b-en 
Completely d^isplaced. subsequent passage of carbon dioxide will ^a^^® 
any fall in the level of potassium hydroxide solution m the nilromeier. 

The combustion tube is then heated in the furnace, first at the tw^ 
ends and then gently in the middle where the mixture of the oTg&mc 
Lbstance with the copper oxide is located. Tne gentle and ct^^t'nuous 
Luting of the mixture results in the bubbling of nitrogen ^ 

steadily into the nitrometer. A slow stream of 

maintained throughout to avoid back flow of the gases When 
evolution of nitrogen slows down, the current of carbon ^lox de is 
increased so as to sweep away all residual or sticking nitrogen into the 

nitrometer. 

When no more nitrogen collects in the nitrometer, it is disconneded 

and cooled for an hour or so to bring it at the room ^5 

volume ol nitrogen is then noted ofter bringing the level of the potash 

solution in the two limbs at the same height. 7/ic 

the aqueous tension (or more accurately the vapour 

over 30 per cent solution of potassium hydroxide) at the prevailing 

temperature. 

The percentage of nitrogen is then determined as below : 

Calculatiuns. 

Suppose weight of the substance = »r gm. 

\'olunie of nitrogen collected == Vi c.c. 

Barometric pressure = P mm. of Hg 
Aqueous tension = p mm. of Hg 
Room temperature = t° C 

Then volume (1 ) of nitrogen at N.T.P. is given by 


iP-p)y^ 

(273+/) 


760 xr 
273 


or V 


(P-p) r.x27.3 
(273 + /)x76(} 


= X c.c. (say) 


QUANTITATIVE ANALYSIS 

Since 22,400 c.c. of nitrogen at N. T. P. weigh equal to its 

molecular weight, v/ 2 ., 28 gm., 
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gram- 


*“* — o- ' 28 X .\ 

Weicht of X c.c. of nitrogen at N.T.P - " 22400 

28 X X 


gm. 

X 100 


224tj0 Xv u 

1 t fi-?nO pm of an organic compound gave on combustion 

4 o flT& nitrogen at 2r^ ' 

of oiu-oRCu in^poun^ 


Weight of substance = 0-200 gm. 

y = 40-5 ml. 
p ST 740 mm. 

T *» 273 + 27 — 300 A 


h = 

p. s= 760 mm. 
T. = 273 A 


VP 
T 


^ 40 5x740x2^3_ 

Vt, the volume of nitrogen at N.T.P. = 760x.t00 


= 35-89 ml. 

Weight of nitrogen in OCOOgm. of the suhstnnec = 

28x35 89x100 


28x35 89 
— - — ony 

22,400 " 


Percentage of niSrejen 22400x0 200 

Example 4 . 0 - 42 i of 

2 »./. 'r^rf/te A, ..coos Lion o, ,9 y /. 

percentage oj niirogi.u 
J7-S mm. 


...j 

Weight of the substance - 0 423 gm. 


y n 43-2 ml. 

/>= 733-5 - 17-8 “ 7157 mm. 

r * 2y2-5*A 


t'l 

Pi 

^IPl 

n 


I/^, the volume of nitrogen at N.T.P. 


? 

760 mm. 

273 A 

yp_ 

I 

43-2x7l5-7x27.t 
292 5x7'60 
37-97 ml. 


28x37-97x100 
Percentage of nitrogen - 22.400 x 0 423 

= 11 22 % 


KieMahl's Method. lil'co^ccnS 

ionium sulphate “rpas^huri-bcra, ens absorbed in a known 
hvJroxidc. The ammonia g _i,,,;on of hydrochloric acid or sulphuric 

(excess) of a standard ^ obtained by 

acid. The decrease in the (ft „f ammonia 

Ken Ke compound can be calculated. 
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The reactions involved are : 

(Organic compound containing nitrogen) -f HoSOj — ► (NH 4 ) 2 S 04 .-.('/^ 
(NH,),SO, + 2NaOH — ► Na 2 S 04 + 2 NH 3 -f 2 H 2 O 

The ammonia gas is absorbed in excess of sulphuric acid forming 
ammonium sulphate. 

2NH3 + H..SO4 — > (NH.loSOj ...fiii) 

The sulphuric acid left behind is titrated back with a standard solution 
of sodium hydroxide. From the amount of sulphuric acid used up in 
reaction {Hi), the amount of ammonia and hence that of nitrogen in the 
original compound can be calculated. 

Procedure. The process consists of three steps : 

(I) Conversion to ammonium sulphate. A weighed amount of the sub- 
stance (usually 0’2 to 0’4 am.) is mixed with about 30 ml. of concentrated 


+ STEAM 



Vis. 4. Estimation of Nitrogen by Kjildahrs Method. 

s^ulphuric acid in a long-necked round-bottomed flask known as Kjeldahrs 
Ihi'k .1 ig. 4). The mixture is heated in a tumes-cupboard for about 30 
intui.es afier which a small amount of potassium sulphate is added to 
nuse the boihng point of the acd. A few crystals of copper sulphate 
or a lew drops of mercury are generally added which are known to 

c.it,il>sL the leaction The mixture is boiled for two to ihree hours until 
u cuai solution results. This indicates that the nitrogen has completely 
cliLingtd into ainnioniuni sulphate. ^ ^ 

i2) Distillation mih alkali. The contents of the Kjeldahl’s flask are 
cooled and poured into about 100 ml. of water containing a drop oJ 
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two of methyl orange placed in 500 ml. round-bottomed flask. The flask 

is provided with a thistle funnel and is also connected through a trap 
(Kieldahl's trap) to a vertical condenser which end> in a conical flask con 
taining a measured excess of a standard acid (Fig 4). 

A 30 per cent solution of sodium hydroxide is run into the flask 

through the thistle funnel until the mixture IS just alkaline as indicated 
by change in colour of methyl orange The heated to 

boilino lifter adding an excess of sodium hydroxide. Ammonia gas 
begins" to be evolved gradually along with steam. This passes through the 
condenser into the standard solution of the acid. 

(3) Estimation of ammonia. After some time the C’.oluiion of 
ammonia ceases. The conical fla.k is then disn anlled and the acid is 
made up to 250 ml. volume. P ortions of this acid are titrated against 
standard sodium h\droxide solution using methyl orange as the indicator. 

The Kieldahl's trap prevents the passage of any solution from the distiil- 

Qiion jhisk into the conical flask due to humping, if any. 

ralrulations. Suppose w gm. of the substance is taken and that F, ml. 
of acid of normality A, is required for the neutralisation ol ammonia 

evolved. 

Now F, ml. of acid of normality ~ F, ml. ot NH t of normality .Vj 

but WOO ml. of normal ammonia = 17 gm. of NH, 

= 14 gm. of nitrogen 

Vi ml. of ammonia of normality Aj 

xF.xA, gm. of nitrogen 


• t 


Percentage of nitrogen 


" WOO 

" JOOO 
1-4 N,V, 


w 


. e 0-420 em of an organic substance was kjeldahlised. The 

O H so, mat is the percentage oj nitrogen tn the compound > 
weight of the substance » 0 420 gm. 

Volume of A/10 H-, SO, required 
for the neutralization of ammonia 


37-50 ml. of /V/10 HgSO^ 
1000 ml. of A.NHj 

Percentage of nitrogen 


»= 37-50 ml. 

= 37-50 ml. of N/10 NH 3 
= 17 gm. of NH;, 

= 14 gm. of nitrogen 


14x37-5 1 


X 


100 


loot) 

= t2 4 


10 0-42 


f ...nia fi of an organic substance conlair\ing nitrogen 

Atd Ld Z amtZnia ev, led teas absorbed in 90 35 mi. of 
Ti ltdZcMM neZeess of tbe acid re, aired 20-0 ml. of N /5 
NaOH for neutraiizalion. Calculale the percentage of nitrogen. 
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Weight of the substance = 0*2340 gm. 

Volume of 0*1 A^HCl taken = 90*35 ml. 

Let the volume of the acid left 

unused — x ml. 

;c ml. of 0*1 /V^HCl = 20 0 ml. of A'/S NaO H 

X 40 ml. 


Volume of the acid used 

in neutralizing the ammonia =» (90*35 — 40) ml. 

= 50*35 ml. 

50*35 ml. ofO l ATHCl = 50 35 ml. of 01 Af NH 3 


But 1000 ml. of N. HH3 


Percentage of nitrogen 


= 17 gm. of ammonia 
= 14 gm. of nitrogen 

_ 14x50*35x0 1 X 100 
— 1000x0*234 

« 3012 


Example 7. 0'45 gm. of a substance was kjeldahlised and the ammonia 
obiaimd passed into 60 ml. of decinormal sulphuric acid. 7 he excess 
of the acid was diluted and the volume made up to 250 ml. 25 ml. of this 
solution required 10 ml. of NjdO NaOH for neutralization. Calculate the 
percentage of nitrogen in the compound. 

Weight of the substance = 0 45 gm. 

Vol. of V/10 sulphuric acid taken =» 60 ml. 

Let the vol. of V/10 sulphuric acid 

left unused « x ml. 

This volume (x ml.) has been diluted to 250 ml. 

25 ml. of the diluted solution = 10 ml. of A^/40 NaOH 


250 ml. of the diluted solution = 10 X ml. of — NaOH 

25 40 

= 100 ml. ofr^NaOH 

40 


It,;: ' •.) int. of the diluted solution = x ml. of A^/10 HgSOj 


. . ^ i'll of AVW H:SOi 

. . i !cl' ' t.'iunic of the A'//0 acid 
i-.d I'or neutralizing ammonia 
'*> .nl. of .V’/O acid 
liu; k'.il) nil. of N. NH;) 


= 100 ml. of Ni 40 NaO H 
X = 25 ml. 


-= 60-25 « 35 ml. 

~ 35 ml. of A'/IO NHa 

^ 17 gm. of NHa 

= 14 gm. of nitrogen 

14 X I x35x 100 
1000x10 x 0*45 


Percentage of nitrogen 
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-•I 

II 


1 


i' 

- 


H- 


i Hfc 


tSbe is made up of special hard 
cm inlensthand 2 cm. in diamcier (hig. x)- 
The carbon and hydrogen are oxidised to carbon 
dioxide and water while llie halofieu, if present. 

reads n i,h silver ninaie giurv a 
halide. This is separated, washed, dried 

weighed. 

"procedure. About 05 pm. 
ond .s ml. of fummg ni.r.c and a'e ttddcd to he 
i.ih- A weiehed amount (about 0 2 gm.) o tne 
substance, taken in a small test tube, >H *nt reduced 
carefully along the side into the Carius tube which 

lurc^m^'t^'; ”2E'tnn4rred'’Tratel^ The silver hahde 
i^-l;?'!;^pa;’:^dr ^hlatmu"::; a pood, crucble, washed, dr.ed and 

weighed. 

Calculations 

Suppose wt. of the substance taken - tv pm. 

Wt of the silver halide (ApX) formed = .v gm. 

Now, molecular weight of AgX . Atomic wt. ol X 

. \VI. of the halogen in tv gm. of the substance 



SCBSTANCE 


Fi?. ? The 

Carius lube 


At. wt. of X 


X.v 


prccentage of the halogen 


Mol. wt. of AgX 
At. wl. ofX x.YX 10 0 
Mol wt. of AgX X »’ 


For cxiimpi^) ‘ii l. a 

,f thehalogen present, s chlorine, .he stiver halide formed w,li be AeCI 

1 molecule of AgCI I atom of chlorine 

,, ,08 + 35 - 5 = 14.V5 pm. of AgCI ^ 35-5 pm. of chlorine 
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Percentage of chlorine 


355x.yx 100 
MS'Sxiv 


where x is the weight of AgCl formed from \v gm. of the substaace. 


Similarly, the percentage of bromine will be given by the expression 


SOxx^x 100 
188 X IV 

where x' is the weight of AgBr formed. 

It is important to note that the Carius method does not give good 
results in the case of iodine. 

Example 8. 0"I85 gm. of an organic substance when treated in Carius 
tube gave O' 320 gm. of silver bromide. Calculate the percentage of bromine 
in the compound. 


Wt. of the substance 
Wt. of silver bromide 
J molecule of AgBr 
or 188 gm. of AgBr 

0’320 gm. of AgBr 
Percentage of bromine 


= 0185 gm. 

= 0-320 gm. 

= 1 atom of Br 
= 80 gm. of Br 


80 

= 105^0-320 gm. of Br 

= >«-■->< ^ 

73*60 


Example 9. O' 1890 gm. of an organic substance on heating with fuming 
mine acid and silver nitrate in Carius tube produced 0 287gm. of silver chlo* 
rule. Ivhat is the percentage of chlorine in the compound ? 


• • 



Wt. of tlic substance 
VVt. of the silver chloride 
143-5 of AgCI 

0 287 pm. of AgCI 


PcTcc ritapc of chlnn'ne 


rs 0'1890 gm. 

= 0-287 gm. 

= 35 5 gm. of chlorine 

^ ^*^'287 gm. of a 


35-5 

143-5 


XO-287X 


100 

0-189 


= 37-58 


. stinMii.ui of Sulphur. Sulphur is also estimated by Carius method. 
^ ' ‘’itrate is used in this case. The sulphur present in the 
K c -s oxidised bv fuming nitric acid into sulphuric acid which is then 
( >’:•{• - precipitated as barium sulnliacc on the addition of excess of 
Hiu .,1 , 1 , .H-ide. The precipitate is filtered, washed, dried and weighed. 

( - Iculations. Suppose u- gm. oi tiie organic substance yields .v am. of 


Molecular weight of BaSO^ =233 
Now, 233 gm. of BaSO, = 32 cm, of S 


estimation of phosphorus 
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X gm. of BaSO^ 

/. Percentage of sulphur 


_ 3 2 XX 

= 233 


gm. of 


S 


32 XX 100 

233 ^ w 


sulphur. 


Wt. of the substance 
Wt. of BaSO* 

233 gm. of BaS 04 

Percentage of sulphur 


=« 0 265 gm. 

= 0 450 gm. 

= 32 gm. of S 
!•> lOO 

^ ^ 0-265 

<= 23.32 


Estimation of Phosphorus. P^ospho?us'^ ^comp'letely^ oxidised to 

But the results arc not satisfactory sine ^ .,, 1^5 ^re obtained by heating the 

^r^hi?pho.us cTn be calculated as below : 

Let the wt, of substance 


w gm. 

Wt. of MgaPaO? " ^ 

Molecular weight of Mg:P207 =^222 
Now 222 gm. of MgjPiO? 

Percentage of phosphorus 


= 62 gm. of P 
6 2 v XX 103 

222 \ IV 


.11 a- m «m of an organic substance conminmg phosphorus 

^1^5 gm of usual analysis. Calcutale ,he pcrcenlagc of 

llwsphorus in the compound. 

f”‘ ' - = 0-30 gm. 

= 0 550 gm. 

» 62 gm. of P 

62x0 55x 100 


Wt. of the substance 
Wt. of MgtPjO? 

222 gm. of Mg 2 P 2 ^ 

Percentage of phosphorus 


222x0-30 
= 51 20 


»="■' — S!-SsSsff S# 

^ rl'cb ?/ «”ire"d""volun:;.rlcarby ".'alinB agafns. standard sedtun, 
'^nisulphate solution. ^ ^ 
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QUESTIONS 

1. Describe with the help of a diagram, the method for estimating carbotr aod* 
hydrocen in a compound which contains neither chlorine nor sulphur. 

What precautions would you take if the comoound, besides carbon and hydrogen^ 
contains any one of the following elements : (/) Sulphur («) Nitrogen (iif) Halogens. 

2. Describe the method for estimating carbon and hydrogen in an organic com-^ 
pound. Give in details the function of the various parts of the apparatus used. 

3. Describe Dumas’ method for the estimation of nitrogen in an organic com- 
pound. Mention clearly the function of each part of the apparatus, 

4. Give in details the Kjeldahl’s method for the estimation of nitrogen In an. 
organic compound. In what type of compounds the method fails ? What procedure is 
adopted to avoid 'bumping* of the solution during heating. 

5. Describe the Carius method for the estimation of halogens in an organic com- 
pound. What modification is required if sulphur is to be estimated by Carius method 

6 . Explain clearly but concisely how sulphur and phosphorus may be estimated 
in an organic compound. 

7. Describe with the help of a diagram the method of estimating carbon and 
hydrogen in an organic compound, indicating clearly the method of filling the tube. 

(Panjab Inter. 1945, 1962)' 

8 (fl) Describe briefly but precisely a method for the estimation of carbon and 
hydrogen in organic compounds, containing neither sulphur nor chlorine. 

(b) 0‘2475 gm. of an organic substance gave on combustion 0‘9450 gm. of COj 
and 0'2025 gm. of H.>0. Calculate the perceniape of carbon and hydrogen. 

(Ans. C=54’44% ; H=9 09%) {Panjab Duer. 1959) 

9. Describe the Dumas’ method for the estimation of nitrogen. Draw the sketch 

of the apparatus and explain the action of its parts. (Panjab Inter. 1949, 1956) 

10. 0 2046 cm. of an organic substance gave 304 c.c. of moist nitrogen 

measured at 15*C and 732'7 m.m. pres'iurc. Calculate the percentacc of nitrogen in 
the compound. Aquf'ous tension at 15'C is I2'7 m.m. and one litre of nitrogen 
weighs 1 ‘25 gm. at N.T.P. (Ans. 16-67%) {Panjab Inter. 1943) 

1 1. An organic compound gave following results on analysis : 


0-1335 gm. gave 0-2948 gm. of COo and 0*0603 gm. HjO. 0*085 gm. gave 26 4 
c c. of dry nitrogen measured at 27'^C and 750 rn m. pres.sure. Calculate the 
pcrccntai’e composition of the compound. (.\ns. C=60*22 % ; H=S*02% ;N=34‘85' 

{Panjab Inter. 1949) 


12 . ()-27 cm. of an orginic compound gave on com'^ustion 0*396 pm. of CO? and 
0*216 gm. of I f . O. 0 "^6 em. of the substance pave 48-88 c.c. of dry nit'-ogen at 26®C 
and 7.UI m.in. pressure. Calculate the ncrccniape of carbon, hvdroecn and nitrogen. 

f.\ns. C«=40'':. H -8 89% N=15 55%) {Panjob Inter. 1958) 


13. I)c';,-r’hc Kjcldahl’s method for the estimation of nitrogen in nn organic com- 

r'Hind. (Panjab Inter 1950, 1952,1956, 1959 S. 1960) 


14. 0 1560 cm. of a nitrogenous substance was Kieldahli<ed and the ammonia 
g IS c\o!' cd from it was absorbed in 60*25 ml of N/10 H..SO 4 . After absorption the 
e\^t'•, ..| jlic acid required 26-fO ml. of N/10 NaOH for exact neutralization. 
Calcii'.nic the percentage of nitrogen in the compound. (Ans. 39 26'^„) {Panjab Interl950) 

Ammonia produced when 0 75 gm. of a substance was Kjeldahlised neutra- 
li.^.d 3(1 ml. of 0 25 .VH-.-SO.}. Calculate the percentage of nitrogen in the compound, 

(Ans. 14 00%) {Panjab Inter, J959y 


16. 0 789 gm. of an organic substance after being digested with sulphuric acid 
was iljstiMed with excess of caustic soda. The liberated ammonia was absorbed in 
100 ml. of A^.HiSO^. The excess acid left after absorption required 73-7 ml of 
iV.NaOH for neutialization. Calculate the percentage of nitrogen. 

(Ans. 46*60%) {Panjab Inter i960) 
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,7. W„h the help of a diagram, explam .he method of estimation of brommc ,n 

a n orjjanic compound. yavc 0 "'8'’ lim of silver bromide in a halogen 

.,1 compos. 

,8. Gtve ,n de.atls (including calculation,) Car, us method of ^nmahon of ham- 

gens m an organic compound. ..^oiaininc sulphur gave after suitable ircainient 

0 16 gm. of an organic of sulphur in the compou- d. 

O’ 1167 gm. of banum sulphait. Oku a P ^ j,uer l^'ol) 

19 Outline one method for the determination of catbon 

“Tto~ r otgamc compound 7 baplatn as far as puss,- 

-^,,™VhVfunc.',W br,gh. copper sp.ral ... Dumas' method ts to convert 

10 .. 


1,71 Kaieldahl method fails when-- ..-is present as^-- 

U/O Canus method is used lor estimation ol and 


( ill I w--- . m • u * 

m The funcon of potash bulbs and calcium chloride U-.ube tn I tch,., 
method are ^^ —i^and^ — £,,bon and hydrogen 

vT tol'^Expllin wtth the help of a diagram the estimation of carbon and 

''>‘'-^^7r,''"mn:rornicnsubs.ance gave 21 8 m, of nitrogen at 1 ST and Cb.) 

mm. pressure. 'Calculate the percentage of ''''^^bstance^^^ ^ ^ 

0 . mi Outline the estimation of sulphur by Carius method. 

chh rinc Give chemical ft J • ,i x ,.sfim ition of Nitroeeii by numa-. 

-d -S " r- a hard glass bus- 

,h) l5gm..of an organic ' ^^uiod ' The volume of dry narog 

rcrcontsi^e of nitrogen m the subsunee. 


CHAPTER XXI 


DETERMINATION OF MOLECULAR WEIGHTS 


Molecular Weight. Molecular weight of a substance is defined as 
weight of one molecule of the substance as compared to that of the weight 

oxygen atom taken as 16. A number of methods for determining mole- 
cular weights ol organic compounds are known. Thev generally fall into 
two groups. 

(A) Physical methods and (B) Chemical methods. 

A. Physical Methods. 

(i) For Volatile Substances. Victor Meyer’s Method. This is the 

most convenient method for determining molecular weights of volatile 
substances. 

rhe method consists in volatilising a known weight of the sL^bstance 

by dropping it in a heated glass tube. The vapour displace an equal 
volume of air which is collected by the downward displacement of water. 

Apparatus. It consists of 

outer iacket ‘J’ usually made of copper in which is placed a 
liquid whose boiling point is 20 — 30'^ higher than that of the volatile 
substance under e.\aniination. 

fuu j'lncT glass lube. A, called Victor Meyer’s tube having a long 
bn, b below, a side tube 5 and a funnel shaped opening F at the top, 
which c:m be corked. r ^ » y* 

(hi) A graduated gas burette for collecting the displaced air over 
water. 

fh')^ A very small stoppered bottle known as Hofmann’s bottle (HJ, 
ill which :i small weighed amount of the volatile substance is placed. 

Pruceilnre The liquid (usually water) in the outer jacket J is heated 
to boiiiMi: In the meantime, the Victor Meyer’s tube is thoroughly 
clomod nut dried. A small amount of glass wool or asbestos is placed 
ai It- h, lit. mi. It is then tightly corked and introduced into the outer 
jukvt as shown in Fig. I The air inside the tube expands, and 

some- out (»i the side tube. After 15 — 20 minutes when practically the 
v>h of the expanded air has been driven out of the Victor Meyer’s tube 
/I. the side tube 5 is connected to ihe gas burette. The level of water is - 
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fe^ou. 30 to .0 c , 

weighed in the Hofmann > ,„be by removmg its cork 

"S/X^^resence of the ,ass woo, ^-'-'-'^tr^tf^the 

The substance readily ”“r collects in the graduated 

Hofmann's bottle is blown 7‘' The d^aced a 

fu« in^t^r, 



Fig. 6.1. Vicior Meyer’s apparatus 

ssi’ii, 

moist air at pressure P and temperature T (absolute). 
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VICTOR Meyer's method 


The volume (Vi) of air at N.T.P. is given by 

760 xKi {P~p)V 

in' “ ~T~ 

svhere p is aqueous tension at leraperaiure T. 

Thus. V\ c.c of the vapour at N, T. P. weigh iv gm. Since 22,400 
c.c. of every gas or vapour at N. T. P. weigh equal to the molecular 
weight of the gas or vapour. 



Molecular u’c/g/r/ of the substance 


H'X 22400 


Example. 1. 0 150 gm. of a volatile liquid displaced 40'5 ml. of air 
collected over water at 15^C and 746 mm. pressure. Calculate the mcle- 
cti/ar weight of the liquid. ( .Aqiieous tension at J5^C maybe taken 
as IS 7 mm). 


Weight of the substance 
y - 4()-5 ml. 

P= 746-1.V7 = 732-3 mm. 
T* 15^273 = 288®.^ 


= 0 150 gm. 

r, « ? 

Px — 760 mm. 
Tx = 273®A 
yF_ 

>, ^ 'T 


/ 1 . the volume of air at S'.T P. 


40-5 X 732-3 X 273 
288x760 


= 37-07 ml. 


.Molecular uciglit of the substance 


0 1 50 x 22400 
37 07 


» 90 68 



li is a v\cli-kno\vn f.ict of physical chcmistr>’ that when one gram mole 
iniolc.ul.ir vsci'tlu in gr.tnisi of anv sub'-tance is dissolved in a fixed amount of 



( '■hiiliitioii of nioh-ciilar uv/c/it. Suppose »’ pm. of a non-volatile solute 
v-l'.-.n di'iM'Kod in W gm. of a solvent cause a lowering of freezing point equal to 
I. Lci k, he the molecular depression constant of the .solvent. If mis the 
no,c,;ui;ir wvtehi of the solute, then by definition ; 


m cm. of the solute dissolved in 100 gm. of the solvent will cause a depression 

.. (1) 

Also, according to the question, u- gm. of the solute dissolved in W gm. of 
llic solvent cause a depression of 


determination oe molecular weights 


215 


. ,00 .m, of .he solule dissolved in ,00 ,ni. of .he soi.en. wii. cause^a 


w 


depression of A 

From (1) and (2) 


m 


H’ 

TF 


X 100 


or 


m = 


K''- 

AT 

noo K/ »■ 

W ’T 


Wi.h.hehe,pof.hiseoua.ion,.hen.oiecu,a. wei.h. of a non-soia.iie soiu.e 

can be easily determined. u/uv; tin 

iKffor woter is I8‘6 per IQO gm.). 


m = ~ 


100 K/ 

W T 

i # 

100 xl 8 - 6 xr 26 


_ » 60 0 


- 93>.U'42 

foi' OC ' JQQ _ 

* "w.at^ 

100xl7'2v2-5 

= 7rx0'43 

= 133 3 

j The chemical methods described below arc 

B. Chemical Methods h^ Of a 

applicable only ir the subTa applicable in the case of 

SilverSalt Method. This ineth ’ of organic 

organic acids only, is based "oomposed on ignition leaving behind 

acfds are r" Tit basicity of the acid should be known, 

a residue ol metallic • dissolved in an excess ol 

procedure. A suitable on'ot.^°f \ f,„,oved by boiling and then 

f s.;= V S^vrS “S 

“ "ir : r. 

■ •ISSSSSrsi-u-”' rs- 

- Equivalent weighT of silver 


Now 


Equivalent weight of silver salt- ^ xl08 A/ (say) 
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chloroplatinic salt method 


Equivalent weight of the acid =Af— 108 + l=Af— 107 

Molecular weight of the acid =Equivalent weight X Basicity 

=(Af-I07)xn 

where n is the basicity of the acid 

Example 5. 0'700 gm. of the silver salt of a dibasic organic acid left on 
ignition 0 497 gm. of silver. Calculate the molecular weight of the acid. 

Weight of silver salt = 0 700gm. 

Weight of silver = 0 497 gm. 

Equivalent weight of silver salt Weight of silver salt 
Equivalent weight of silver ~ Weight of silver 

Equivalent weight of silver salt =^-^^^^^=152-1 

Equivalent weight of the acid = 152’1 — 108-rl=45 1 

Molecular weight of the acid » 4ST x2— 90'2 


(ii) Chloroplatinic Salt Method. This is applicable in the case 
of organic bases only. It is based on the fact that the organic bases, 
vi7.. amines, combine with chloroplatinic acid, HsPtCle, to form insoluble 
double salts known as platinichlorides or chloroplatinates. These salts 
have the general formula B^HaPtCU where B stands for one equivalent 
of the base. On heating, they decompose leaving a residue of platinum. 

B,H,PlCI„ — ► Pt 

Molecular weight of the salt = 2B-f2+195-f-213 


= 2B+410 

where B is the equivalent weight of the base. 

Thus (25 ^ 410) gm. of the salt when ignited leaves 1 gm. atom of 
platinum as the residue. 

or, (25 1-410) gins, of the double salt =195 gm. ofPt 

Suppose w gm. of the double salt is ignited and x gm. of the platinum 
residue is left behind. 


Now, .V gm. ofPt = IV gm. of the double salt 

But 195 gm. of Pt = Molecular weight of the double salt 

_ w 

195 ~ Mol. wt. of the double salt 


105 IV 

Molecular weight of the double salt:^^ =3/(say) 

2B+410 = A/ 

_ A/— 410 

or B — r 


if /MS the acidity of the base, wo/ccM/or weight of the base^Bxn 
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FxamDle 6 0 400 gm. of the platinichloride 

^ni^dvi^fo-125 g,n. of plamum. Calculate the molecular .e,ght of the 

base. 

Weight of the platinichloride (iv) = 0 400 gm. 

Weight of platinum residue W ^ 0125 gm. 

Let B represent one etjnivaleni of the base. 

• Molecular formula of the platinichloride is B.H.PtClg and 

• * 0 400x 195 

Molecular weight of the plantinichlonde^~jj .,25 

= 624 

20^410 ^ 624 

„ 624-410 

or B = .) - 107 


Thus, equivalent weight of the base '07 

Since It IS 0/ diacid base contains 40 per cent 

pla.LTmai is (a) ,l,e e,ui.ale,U .eiglu (b) the molecular ue.sh, of ,he 

base. _ 

Let the weight of chloroplaiinate - sm. 

Then the weight of platinum “ Sm 

Let B represent one equivalent of the base. 

... Molecular formula of the chloroplatinate = BoH,PtCle 


Molecular weight of the chloroplatinate - 


100 


hloropiaiinaie = ' 

23 + 410 = 487.5 
487-5-410 77-S__c„ „ 


X 195=487.5 


fl=» 


= Eq. wl. of the base 


Acidity— 2 


77’5 


..Molecular weight — x2-77'5 

/iii\ Volumetric Method. This method is applicable in the case of 
. as bases In order to determine molecular weight of an acid, 

acids as wel as base .1 in water or alcohol and titrated against 

: Sarrafkalilolutln'ul pbenolphthalein as indicator. 

Calculations. Suppose ,r gm. of a dibasic acid requires 20 ml. of 

M/lONaOH. 

Then 20 ml. of WlO NaOH = w gm. of acid 
or 1000 ml. of JV| 10 NaOH = -^x 1000 gm. of acid 

or iOOOml. of N. NaOH = lOOOx 10 gm. of acid 

= 500 w gm. of acid 
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VOLUMETKIC METHOD 


Since one equivalent of an acid requires 1000 ml. of N. alkali^ 
Equivalent weight of the acid = 500 w 
and Molecular weight of the acid = 500 wx Basicity 

== 500 ivx2 

Example 8. 0 25gm. of an acid required 20 0 ml. of NjlO KOH for 
neiiiralisation. Find out the equivalent weight of the acid. What will be 
the molecular weight of the acid if it is monobasic ? 

20*0 ml. of AT/IO KOH = 0-25 gm of the acid 

1000 ml. of N. KOH = ° — gm. of the acid 


Bui 


— 125 gm. of the acid 

1000 ml. of N alkali = Equivalent weight of the acid 

Equivalent weight of the acid 125 

Basicity — 1 

Molecular weight = Equivalent weight x Basicity 



Example 9. 0 250 gm. of an organic base required 15‘0 ml. of N15 HCl 
for complete neutralisation. What is the molecular weight of the base if it 
is duicUl ? 

15-0 ml. of Ar/5 HCI = 0-25 gm. of the base 


1000 ml. of A'. HCI 


But 1000 ml. of normal acid 

Equivalent weight of the base 

Since, acidity 


0 25x5x 1000 
15 


gm. of the base 


«= 83*3 gm. of the base 
= equivalent weight of the base 
83*3 
« 2 


Molecular weight of the base = 166'6 

Example 10 O'SOgm. of a tribasic organic acid dissolved in 
water and the volume made up to iOO ml. JO ml. of this solution required 
24-6 ml. ofN::0 i\'aOH for neuiruiisution. Calculate the molecular weigfii 

of the avid. 

10 ml. of the acid = 24*6 ml. of A^/20 NaOH 


Lci .Vj be ibc normality of the acid solution. 

10:<A'i=24-6 


20 


» 


or 

Gm./litrc of the acid 
Bui actually gm.'litre of the acid 
0-123 , Eq. wl. of the acid 


= 


24-6 


* om:3 


20x10 
s= 0123x'Eq. wl. 


= ^ X 
100 


1000 = 5 


= 5 
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or 


Eq. wt. of the acid 


0 ,23- =■ 


Molecular ueight 


= 40 65x3 = 121-95 


QUESTIONS 


1. Describe briefly the various methods used for the determination of molecular 
weights of organic substances. 

2. Describe the physical methods for the determination of molecular woiglii of 

organic substances. 

3. Describe the chemical methods for the determination of molecular weight of 
organic acids and bases. 

4 Describe in detail the Victor M:yer’s milhod for the determination of 
molecular weight of a volatile substance. 

OinOgm.ofa substance on vaporization displaced 45 9 c.c ofairatI4C 
and 754 mm. p.essurc. Calcnlate th; molecniar weigh, ol the subilanee. ( Aqnemj. 

tension at 14®C is 12 7 mm.) 

5 of a substance was dissolved in 90 gm. of water when the solution 
svasfound'to freeze at -;0 25'C. Calculate the molecular weight ot the substance 

(K/ for benzene is m 0 C). 

6 2 23 cm ofanon-voiatilcsolulcwas dissolved in 100 gm. of benzene when 
the boiling point was raised by 0-466»C. Calculate the molecular we.ght oHIk solute. 
(Kt for benzene is 25 7 C). 

7. The silver salt of a mo.iobasic acid was found to contain 35 per cent silver 

Calculate the molecular weight of acid. 

8 0-468 gm. of the plalinichloride of a mono-acid base gave on ignition 01 1 70 

gm of pialrnum Calculate the molecular we.ght of the base. (Ans. 175) 

.. Hihadc acid required 10 ml. of dccinormal NaOH solution for 
eompiete i?,n^?m ?bf niSlar weight of the base. , Ans. 122, 

r acid was dissolved in water and the volume made 
uprnisOmMO-mlofthe solution required 75 ml. ofN/12 NaOH. Caleula^lhe 
molecular weight of the acid 

Relate the method, tjsed specially for the 
weights of organic acids and bases. 

n, HOW would you proceed to determine the molecular^^ight oUn oj|an|__uc,d 
by silver salt method ? 

0 4 em of silver salt of a dibasic organic acid on ignition gave a r^S'dtie (rf 
0 284’6m“ stiver. Ftnd the molecular weight of^U. , A„.,» 2, ^ 

14. Explain how would you proceed to determine the equivalent weigh, of an 
oiganic acid supplied to you. 

1 026 gm. of .he silver jalt of a tribasic organic acid on ignition gave 0 648 
r 112/% 4 ^%]\/nr pAlculatc ihc fiiolccular oc«d. (Ans 1^2) 

gm. of mcUlliC silver. Cdicuiaic int inuiccuia b ^pa,tJab hUr. mi.SuppI ) 

15 The freezing point of the solution of 1-392 gm. of an 
to be undissociated in ,5 , 

water=ls 5 C). u in gm oi in-. 2 (roiijob Inter. 1953 i>iipj>l.) 

Calculate Ihc basicity of the a.iU. 
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QUESTIONS 


16. 0 8675 gm.of the chloroplatinale ismtion 

0 3584 gm. of platinum. Find the molecular weight of the base. (Ans. JI □) 

{PuV'-ib Inter. 1960 Suppl.) 

17 With the help of a neat diagram, describe Victor V!c>cr’s method for finding 
.„e moleCJiar M'fghfof a ?oUt.k.liquid. In.er. ,956. S«ppl.) 

18. 0-532 gm. of the platinichloride of a diacid organic base left 0-195 gm. of 
platinum on igoiiion. Calculate the molecular weight of the base (Ans. 122) 

(Panjab Inter. 19oU) 

li 0 1693 gm. of a volatile substance was imroduced in the Victor Moyw tube 

for determinatfon of vapour density. It displaced 58 9 m . °f 

7 m Suppl.) 

20. In a Victor Meyer's apparatus, 0 46 gm. of chloroform displawd 30^ ml- of 
air measured over water at 22"C, the barometric pressure being _755 mm. Calculate 

the molecular weight of chloroform, /'tydl. 7„mr ’/9«/ Suppl., 



CHAPTER XXII 


determination of empirical, molecular and 

STRUCTURAL FORMULAE 


After determining the percentage 
compound , the next step in the systeniatic 
empirical and molecular formulae. 


composition of an orgariic 
investigation is to deierniiiic its 


Empirical Formula 

The empirical formula of a compound is defined as the simplest 
formula expressing the relative number of atoms of each element present in 
one molecule of the compound. This can be calculated from the percentage 

composition of the compound. 

The following steps are involved : 


1 jhe percentage of each element is divided by the atomic weight of 

the element This gives the relative number of atoms of the various 
elements present in the compound. 

2 The lowest number obtained in the first step is selected. .411 other 

numbers are divM hy Ms lowest number. The quotients are usually 
whole numbers. If not, they are reduced to whole numbers bv multi- 
plying with a suitable common factor. 

Example I. The percentage composition of an organic .suhslonce as 
delermhed by analysis was as below : 

Carbon = 14-4%, Hydrogen-I S',,, Cblorine=64 6 


Calculate the 


tifr • • m % j 

Element 

PercentaBC 

Kcl.uivc No. 
of atoms I Per- i 
centan^'Al wl.) 

DiviOing by 
the smallesi 
factor 

Simplcsi 

whole 

nimbcr ratio 

Carbon 

144 ! 

1 

■ V -,.2 

- Ij ? - 18 

1 


Hydrogen 

1 

1-8 

15 

3 

1 

Chlorine 

€ 4-6 

,.8 

1-5 

1 

3 



35 5 

1 


Oxygen 

19-2 

(By difference) 

10 ■> 

1 
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SOLVED EXAMPLES 


Example 2. O' 2025 gm. of an organic substance )V35 found to give the 
foUowng results on analysis : 

Carbon dioxide = O' 5280 gm. 

Nitrogen = 0'0210 gm. 

fVater = 0'1215 gm. 

Find out the emipircal formula of the compound (Karachi Inter. I95Si 


(i) Determination of percentage composition. : 

Weight of the substance taken =0‘2025 gm. 

Weight of CO 2 formed =0’5280gm. 

Weight of H 2 O formed — 0 1215 gm. 

Weight of nitrogen collected = 0 0210 gm. 

- , 12 _ cion 1^® 

Percentage of carbon—-^ xO 5280x^^1;^^ 


= 71 11 


Percentage of hydrogen=~ xO I2I5x 6'66 

100 

Percentage of nitrogen— 0'02l0Xrt.VAVc~ iO‘37 


(//) Determination of empirical formula : 


Element i 

Percentage 

Relative No. 
of atoms 

(Percentage/At.wt.) ' 

1 

i 1 

Dividing by 
the smallest 

1 factor 

1 

1 

1 

Simples 

whole 

number 

ratio 

1 

1 

1 

Carbon 

71-11 

1 

5-92 

8 00 

8 

Hydrogen 

6 66 

^ f - 6-66 

900 

1 

1 9 

1 

Niifocen 

10-37 ; 

j 

4 

‘ 0-74 

14 J 

= 0-74 

i 

: 100 

1 

1 

1 

i 1 

1 

11-86 ! 
(By difference) 

1 

1-00 

1 


1 he empirical formula of the compound is QHqNO 

Example 3. 0'200 gm. of an organic compound containing carbon^ 

hydrogen, nitrogen, ami o.xygen, ga^e on combustion 74 6 c.c. of nitrogen 
i.:ij\'.r.P. In a second experiment 0 200 gm. yielded O' 147 gm. of carbon 
d: ■Kiilc and O' 1 2 gm. of water. Find the empirical formula of the com- 
roniid. (Panjab Inter. 1941) 

(0 Determination of percentage composition : 

(a) Weight of the substance taken= 0 200 gm. 

Volume of nitrogen at N.T,P, = 74-6 c.c. 
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28x74-6 100 

Percentage of nitrogen = 22400 x 0-200 

=46-62 


{b) Weight of the substance taken =0 200 gm. 

Weight of carbon dioxide formed =0147 gm. 
Weight of water formed = 0-147 gm. 


Percentage of carbon 

Percentage of hydrogen 
Percentage of oxygen 


= 1T 

“if 

= 100 -(46 62 4 20 05 ^6 66) 
= 26-67 


(f) Determination of empirical formula : 


Element 

Percentage 

Relative No. 
of atoms 

(^'erccntage/A.wt.) 

Dividing by 
the smallest 
factor 

1 

Simplest 
whole riimber 
ratio 

V 

Carbon 

20-05 

..1-67 

1 00 

1 

1 

Hydrogen 

6-66 

-6 66 

3-99 

4 

Nitrogen 

46 62 

3 33 

14 

1 99 

^ i 

Oxygen 

26 67 

=-1-67 

16 

100 

■ • ■ TVT 

1 


, , I Mv Cff Y/ 1 # « A • 

Example 4. 0*369 gm. of a compound containing carbon, h'frogen and 

romine gave on combustion 0 396 gm. of carbon dioxide and 0 169 gm. 
fn.a,er. Also 0-246 f 


yIVCifC'' ✓ 

Vhat is the formula af the subitance ? 

(/) Determination of percentage composition : 
(ai Weight of the substance lakcn=^ 0 369 gm. 


Weight of COa formed 
Weight of H20 formed 

. • . Percentage of carbon 


= 0-396 gm. 
=.0.189 gm. 


12 0 396/100 


0-369 


=29-27 


Percentage of hydrogen 

(h) Weight of the substance taken = 0-246 gm. 
Weight of AgBr formed 

. • . Percentage of bromine 




0 379 gm. 


= X0 379 x^^ = <>5 55 
188 0246 
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(it) Dctcrmiaation of empirical formula : 


Element 

Percentage 

Relative No. 
of atoms 

(Percentage/Al. wt.) 

1 

1 

Dividing by 
the smallest 
factor 

Simplest 

whole 

number ratio 

Carbon 

29 27 

29 ^>5 

12 = 2 «7 

0^^ = -- 

3 

Hydrogen 

5-69 

'■f = 5-690 

0 819 - « « 

7 

Bromine 

65-55 
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The empirical formula of the compound is C 3 H 7 Br. 

Molecular Formula 

The molecular formula of a compound expresses the actual number of 
atoms of each element present in one molecule of the compound. 

Molecular formula may be the same as the empirical formula or simple 
multiple of it. 

Suppose the empiri:ai formula of a compound is CH 2 O. Evidently, its 
empirical formula weight is !2-t-2-f-16 =30. Let the molecular weight of 
the compound be 60. Then the molecular formula will be "0 times i.e., 
2 times the empirical formula. Therefore, molecular formula is C 2 H 1 O 2 . 


Thus. 

Molecular formula = Empirical formula x/i 


where 


Molecular weight 
Empirical formula weight 


Example 5. An oipanic substance contains W'15 per cent carbon, 
per cent hydropen niul 9<S per cent chlorine. 

j yi pm. of the suhsiancc when vaporised occupied 225 ml. at N.T.P- 
Calculate the molecular formula of the compound. 


i/i ni'iermitKition of empirical fornutla : 



Kicnient 

PcrccntaBc 

* 

) 

1 

1 

Rcl.alivc number of 
atoms 

Dividing by 

(he smallest ' 

1 

Simplest 
' whole num- 


(Pcrcentagc/At.Ht ) 1 

factor j 

ber raito 

1 

(\u fion 

1 

1015 

'“. 1 ’ = 0 84 

ro 

1 

Ms Jrogen 

, 0 84 

4 

O f - 0 84 

1 0 

1 

1 

Chlorine 

1 

: 88-9o 

r - 2-51 

1 

; '2 99 

3 



35'5 1 

1 



I 


I 


4 







determination of molecular formula 


— “ CHC! 

Enipiricol formula ** 

, -It — pLi-l06 5 = ll^5 
Empirical fonnula weight - . i . 

(/ ) Determination of molecular v.eu'lit . 

Weight of the substan.e -- '^>5 

Volume of the vapour at N.T.P. —5 ml- 

2:400 1-20 

Molecular weight ' 225 

(,, 7 ) Determination of molecular formula : 

Molecular formula Empirical formula x 


- 119 5 


_Mol Wt. 

Emp forntula wi. 

= CCHCl3)>^ I ^ <^**^'3 

.. 

04 gm. oj H .,0 and 0 }9:> gm. oj L .■ re^idu-' of (l S55 gm- 

C^cZ: 7 : Zlccuiar fonnula of i/.c ^ 


DCcrmiRMion of porcen.oRC -.poN-io- 
Weight of the substance - « e^- 

Weight of CO2 
Weight of HjO 

Percciiiogc of cQ'f^oii 


0195 gm. 
0 040 gm. 
12 


Percentage of fiycfrog.’" 
Percentage of ox ygen 


100 
-44 

2 100 
Jg- ^^^■^^6 200 


26 59 


2-22 


= |00-(26 59 f 2-22) 71 19 

(ii) Determination of empirical formula : 



Percentage 

Relative number of 
atoms 

(Pcrcenlagc/At. wt.) 

Dividhi^ hy 
Iho smallest 
fi'iclor 





Carbon 

26 59 

- 2 22 

12 

1 00 

Hydrogen 

2 22 

2-22 , 

1 

1-00 

Osygcn 

71 19 

-445 

16 

2-01 

Empirical formula 
Empirical formula 

= CHO, 

weight = 12-f 1 1-32 = 45 


Simplest 
whole nuin 
her ratio 


(Hi) Determination of molecular uelght : 
Wciglit of the silver salt 
Weight of silver 


0 500 gm. 
^ 0 355 gm. 
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fcOLVED EXAMPLES 


E quivalent weight of silver salt _ Weight of silver salt 
Equivalent weight of silver “ Weight of silver 


Equivalent weight of silver salt 


0*500 

olTs 


X 108 


=» 152*1 


Equivalent weight of the acid 
Basicity 

Molecular weight of the acid 


= 152*1— 108-}- 1 
= 45-1 
= 2 
90*2 


(iv) Determiuation of molecular formula. 


Molecular formula = Empirical formula x 


M ol, w t. 

Emp. formufa wt. 


= (CHOo) 


X 


90*2 

45 


« CaHaOj 


Example 7. 0'45 gm. of monobasic organic acid gave on combustion 

r 1 36 gm. of CO^ and 0 1992 gm. of H^O. O'SOO gm. of the silver salt 
of the same acid left on ignition 0'2358 gm. of silver. Find out the mole- 
cular formula of the acid. 




Determination of percentage composition 
Weight of the acid = 0*45 gm. 
Weight of COa = 1*136 gm. 

Weight of HaO = 0*1992 gm. 


Percentage of carbon 

Percentage of hydrogen 
Percentage of oxygen 



X 


ri36x 


100 
0 45 



0*1992 X 


1 ^ 

045 


100— (68*85 4-4*92) 


»» 68-85 

» 4 92 
= 26 23 


(//) Determination of empirical formula : 


1 

1 

Element 

1 

Perccnlagc 

1 

Relative nnmber 
of atoms 

(I*erccnlage/At. wt) 

Dividing by 
the smallest 
factor 

Simplest 
whole number 
ratio 

Carbon 

('^ 85 

=5-74 

3-50 

f 

j 

30 

7 

1 fydrogen 

1 

4 92 

12 ^ 

1 

4*92 

~ j — = 4 92 

6 

1 

Oxygen 

26 23 

i 

16 = I « 1 

1 0 
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Empirical formula = CvHgOz 

Empirical formula weight = 84 + 6 + 32 = 122 

Determination of molecular weight : 


Equivalent weight of silver salt _ 
Equivalent weight of silver 

Equivalent weight of silver salt = 


Weight of silver s^ 
Weight ol silv^ 

O'SOOx 108 _ 


• Equivalent weight of the acid = 229*0 108 4- 1 

*122 

Basicity “ * 

.*. Molecular weigh! of the acid =12. 



Determination of molecular formula : 
Molecular formula = Empirical formula x 


Mol, wt. 

Emp. formula wt. 




on 


Example 8. A wom-add organic base gave the following results 
analysis : 

(I) 0150 gnt. gave 0 4323 gm. CO, and O' 1 1 34 gm. H,0. 

% 0-200 gtn. gave 20-7 c.c. nitrogen a, ffCand 760 tn.nt. pressure. 

(Hi) 0-44 gnt. of the chloroplalinate left on ignition 0 1375 gnt. of 
^platinum. 

Calculate the molecular formula of the base. 

(/, Determination of percentage composition : 

Weight of the substance = 0150 gm. 

Weight of COa = 0-4323 gm. 

Weight of HaO = 0 "34 gm. 

. Percentage of carbon 


^ X 0-4323 x ™ -78 60 


2 100 j. 

Percentage of hydrogen = "fg q.jj " 

(fc) Weight of substance = 0*200 pm. 

Volume of nitrogen at OX and 760 mm. pressure 
/.t'., the volume at N.T.P. = 20'7 ml. 


28x207x100 
Percentage of nitrogen ~ 22400x0200” 


1293 
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SOLVED EXAMPLES 


(i7) Determination of empirical formula. 






determination of molecular rORMlLA 


i: 


Pcrceiifagf of carhoii — ^ Ol.-J* 


Pfi ceniace of hydrosen = ^ 

Percentage of chlorine (civin^ ^ 5? 04 
;/f) Delcrminalion of oinpiricjl formula . 


FOR Ml l\ 


too 

\ii 61 

0 I9j5 


|i)0 


. 

r?? 
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1 

1 

Element 

1 

Percentage 

1 

1 

Relative uuinher 
of atoms 

(Percentage .\i . « t ) 

Di(idinj! h> 
the smallest 
factor 1 

Simpit'l 
mIioIi- nuiii- 
licr ratio 

Carbon 

18-61 

F'i,- r55 ’ 

1 

10 

1 

Hydrogen 

1-55 

11 

Vi 

tyi 

10 

1 

Chlorine 

55 04 


10 

1 

Oxygen 

1 

24 80 

By difference 

= ,-.5 

16 

1 

1 «) 

1 


Empirical fornuih - CHClO 

Empirical formula weight = 12 i 1 - 35 5 • 16 = 64 5 

(,V() Dclcrniiiiation of molecular nciglit : 

-) 5 -^ml. orN/l 2 N 401 I = 0 270') gnv of the acid 

. r K N.OH = i:‘> 0 gm, of ihc . < 

1000 ml. ol N.NaOH = - _>y2 

Equivalemwcighioftheacid = 12)0 

Basicity ** ' 

Molecular weight “ 

r/i) Determination of molecular formula : 

' Mol. \vt. 

Molecular formula = Empirical formula x lormula \\i 

e CHClO 2 = CdfXiPj 

l•MnlplelO. /) dibasic organic ad J gave ibefo’b.n ing resniis on 

analyst ' , ,, ,, 

0 2496gm.of the acid gave O SIOS gm. CO., and 0-(h64 am. H,0. 

0l092gm. of the add ^^as exactly neutralised hy 2ro ml. of S 10 

NaOH. , ... 

Calculate the molecular formula of the acid. ( Panjah Inter m2) 
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SOLVED EXAMPLES 


(() Determination of percentage composition : 


Weight of the add 

= 0 2496 gm. 


Weight of CO 2 

= 0‘3168 gm. 


Weight of H 2 O 

= 0 0864 gm. 


Percentage of carbon 

= ^ X 0-3168 
44 


Perctntage of hydrogen 

= ^ X 0 0864 

1 0 

X 0 ZWS - 


Percentage of oxygen (by difference) = 6rS5 


((7) Determination of empirical formula : 


Element 

1 

1 

j 

Percentage i 

1 

1 

Relative number 
of atoms 

(Percentage/At.wt. ) 

Dividing by 
the smallest 
factor 

Multiplying 
by 3 

1 

Simplest 
whole num* 
ber ratio 

Carbon 

34-61 1 

1 

- 2-88 

1 

TOO 

\ 

300 

3 

Hydrogen 

I 

■ 3-84 

-3-84 

1-33 

3-99 

4 

Ox.vgen 

« 

' 61-55 • 

(by diff.) 


1-33 1 

3-99 

4 


Empiricol formula is CnHjOj 
Empirical formula \vt. 36-4 ! 64 « 104 
(m) Determination of molecular weight : 

210 ml. of A' 10 NaOH = 01092 gm. of the acid 

- lono ml. of A'. NaOir = 52-00 gm. of the acid. 


Lquisdltut ueij,'ht of the acid — 52 00 
Ha^iclly = 2 


MoltciiLr '.\ciiaht of the acid 104 00 


in-' 


lu tcrniinatioii of molecular formula : 


'■iiileciil;>r rorniiiUi ^ Empirical formula x - 

* C3H4O4 1 


Mol. wt. 


Emp. formula wt. 


Cr,H,0, 

I Niiniplc U. The empirical formula of 0 monobasic acid is CH^O. 
Ill- vo/h'Ur il.nsiiy of its ethyl ester is found to be 44. Calculate the 
mnlcculo'- formula of the acid. 

riiipiiieai formula — CHjO 

I inpirical formula weight »= 124-2-i-16 => 30 
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Vapour density of the ethyl ester 

Molecular weight of cthyUster 

i.c.. Molecular weight of 

Molecular weight of R-CUUH 


= 44 
- K8 
= 8H 

^ 88 -29 - 1=60 
= CH^Ox-^ =C:;H 40 , 


Molecular formula . 4 - 

Structural Formula 

An.r de.er,nin,ng — 

to ascerta.n ,ls ,l,e Tim 

rnrorfliof c"obra,ned by stuoy.ng chem.ca! react, om o, the 

exantpies .e gtven Mow._ J^^wtU^be^m^^ 

r pou^nd^^f „ , , 

L^ntple 12. De.cnnine ,l.e .molecular os nell as s,n.cn,ralforou,loe o, 

a con,poonUfro,n ^ ^ ^ 

fn} It contains C — to o ^ ^ 

!« « »“ Ttft ' sr /.™. ' " 

t s ?“ • 

form nhen warmed with caustic soda solution. K H 

ru-rn.) _-;»irtn it is eIvcd that ; 

(,) Percentage j^io Gs! Cl=72-20, 0=10 85 (by difference). 

(,7) r».lculalion of empirical formula : 


Elenicnl 


Percentage 


At. wt 


Percentage 
’ At. wL 


Dividing by sma 
cst factor 


16-27 
0-68 
72-20 
10 85 


35-5 


1- 36 
068 

2- 03 


0-68 


■. Empirical foimula = CsKCljO 
Uii) Calculation of molecular weight . 

Weight of the substauce taken = em_ . 

Volume, - 50-46 ml. ^ 

Temperature, Tj - 273 ^ .4 

a y fj t« 


—22 2 = 731 5 mm. 


h 

760x^4 

273 


n 

731-5x50-46 

297 
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solved examples 


or 




731-5x50-46x273 ^ 


760 X 297 

Now 44-64 m'. of vapour at N.T.P. weigh 0-295 gm. 

• '>'> 400 ml. of vapour at N.T.P. weigh 

= 0-295 :-22400 ^, 4 g. 2 g^, 

44*64 

Hence molecular weight =“ 148-2 

Empirical formula weight = 24-1- 1 +106-5+16 = 147*5 

Hence molecular formula is the sam; as the empirical formula, i.e. C 0 HCI 3 O. 

(jv) Structural formula. Since the compound forms an J'/S 

sod urn bisulphite, it mav have an aldehyde group. Therefore t the ^om® 

structure CClc.CHO which IS chloral. This is confirmed by the fact that the com 
pound yields chloroform when warmed with caustu soda solution . 

HCOONa 
Ri>d. formate 


CClaCHO -r NaOH 
f'hlnr.'il 


CHCI3 
rhloroform 


Kxample 13. ( ij O' ISOO gm. of an organic substance gave on combus- 

tion 0-4693 gm. of carbon dioxide and O' 1080 gm. of water. 

(ii) WO gm. of the substance contained 10‘37 gm. of nitrogen. Deter” 
mine ilie empirical formula of the substance. 

If molecular weight of the substance is 135 and on hydrolysis it yields 
acetic acid ami a primary amine which is diazotisable, assign smcWral 
formula to it. (Punjab Inter. 1951 S) 


(/) Calculation of percentage composition ; 

" = -Z 

N =- 10-37 

() - 11-85 ', (Uy dilTcrencc) 

(ir) Calculation of empirical formula : 


Elcmtat 

1 

I^crctnuigc j 

1 

At Wt. 

Percentage 

At. wt. 

1 

Dividing by 
smallest factor 

f ' • 

-ill 

12 

5-93 

8 

W 

f 1 67 

1 

1 

6-67 

9 

N 

1 

1 10 37 

14 

0-74 

1 

{ ) 

1 1185 

1 1 

16 

0-74 

1 


i.‘> piricitl lurmiila • C-HoNO 

fmpirical formula weight = 96 i 9-|- 14- 16 = 135 
((.. ( Dcltrmination of mokcidar formula. 


Muhcithir jornwh - Empirical formula .< 


Mol. wt. 

Einp. formula wt. 


CsHgNO,.! = C«HqNO 


8«»9 


DETE 


hminahon of stklctural FURMLLA 
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;^^,- NHC0CH3 


i.e.. acetanilide. 


l.u.derEOCS hjdrolyns as shewn t.low : 


o 


-NHCOCH3 


+ > 1:0 


-NHa 


t HXOOH 


II, uh nifrnnir l.auUl<n combiislicu 
Example 14 . Jjj (Dss gni^of sutler vapour. U con- 

^ave 0-792 gni. oj } s Lk Jar ^veight ^vas 123. hs /. due- 

wined 1 1-4 percent "f'''' °;;f"),loroform and alcoholic potash gave a u.ponr 

stX^ sr'.:l ~ i ■■ »■•"'" 

Calculacion of percentage corap^ifon; 


Carbon = {7 >^0 ’9:x 5.,,^ = 58 53 „ 

^ ^ ^ !00 4 ntio/ 

Hydrogen ^ '■> 

Nitrogen = n'40% 

Oxygen = 26 0l,o 

(ii) r.lcnlation of empirical f^m »h^ 


Element ' rerccnlaBc 




5 « 53 
4 06 
11-40 
26 01 


7. Empirical 

Einpirical formula sveight - - 

(ii,) Determination of molecular formula : 

Moleaihr fonnuh= Empirical formula x 

123 


percentatte 

At >Vt. 

4-88 
4 06 
0-81 
1-63 


Dividiiig l>y 

smallest factor. 


Mol, wt. 

Emp. formula wt. 


= CtUsNOiX p3 = CH5NO , 

Strnctnra. forn* This 

odour ,carby.an„nc tcacon,. 
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SOLVED EXAMPLES 


The compound itself, therefore, should be nitrobenzene, having the 
structural formula ^jjNOa 

Example 13. An organic acid has the percentage composition : C = 
26'4%: H=2'2% , 0=7r4%. The acid is dibasic and its silver salt 
contains 7T1 per cent of silver. What is the molecular formula of the acid 
It IS readily oxidised by KMnO^ and is decomposed by sulphuric acid to 
give carbon dioxide and carbon monoxide. What is the structural formula? 

(J. and K. Inter. 1957) 


(i) Calculation of empirical formula : 


At. \Vt 


Percentage 


At. wt. 


Empirical fonmila is CHOj 
Empirical formula weight — 45 

(rV) Calculation of molecular weight : 

Weight of silver salt =* 100 0 gm. 

Wci^lU of silver = 711 gm. 

_ . . ..... . 1000 . 


Equivalent sveight of silver salt 


17 1 


X 108==15211 


Equivalent weight of the acid = 152‘ll“108-f-l=45‘ll 

Molecular wciglii of ihe acW = 45'11 X2=90‘22 
(Hi) Determination of molecular formula : 

.... . . Mol. wt. 


.\ /( it 'c ult/r formula ^Empirical formulax 


Dividing by 
snmllest factor 



Emp. formula wl. 


= CH02 — =C.H20, 

(;i) Siruetural furmula. Since tlie substance is a dibasic acid, it seems to be 

COCH 

. xahe acid, i 

COOH 

I liis is confirmed by the facts ih.it : 


(i» it is o\idis;d by KMnOj readily and 
(/,’) with sulphuric acid it giv.5S CO^ and CO. 

LAUiiiplc n>. A dibasic organic odd gave the following results on 
oindvsis ; l)'24^i6 gm. of the acid gave 0.4168 gm. COt and 0'0864 gm 
HO. 0 l(Hi2 gm. of the acid was e.xactly muiralised by 20'0 ml. ofNIlO 
SaOH solution. Calculate the molecular formula of the acid and also write 
down its structural formula. (Patjab Inter 1955 S) 
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determination of structural formula 


(,) Calculation of percentage composition : 


t 100 

C=-^-xO-4l68 < 0 2496 

2 100 

”"'18 


=45'54% 


3-85“.. 


0-50-61% (by difference) 
(„■) Calc ulation of empiriejl formula : 

I n.-n.sn(oar> 1 At. 3^ t . 


Element Percentage 

' 45 54 

H 

^ 5061 


Percentage 

"^iTwt _ 

3-79 

3 85 
3 16 


Dividing by 
smalle st fa ctor 


Empirical for»tula - 

Empirical formula weight = 29 

(///) Calculation of molecular weight : 

.. 21-0 ml. N/lONaOH neutralises 0 1092 gm. of ac.d 

,000m..NNaOH neutralises 0-1092x 1000.3^ = ^ 
Equivalent wt. ^ ^2 

Basicity * " 

... Molecular weight -^^^3 (04 

colcolation of molccnlor formula ^0!, w L 

Molecular formula - Empirical formula a n,. 

^ ^ A 




Ultfl ,, , 

Mol wr 

: Empirical formula x ^{. 

104 i** |4 O » 

CHO / -^-C4H40 , 


, Since it is a dibasic acid, the structural formula of the 
(y) Stuctural formula S 

compound C.H.O., w,ll be 

CHCOOH 

%COOH "• 

Exttntple 17. '>>o'>oacidpnn,ory ^ %,inic 

formula and name the compound. 
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SOLVED EXAMPLES 


(/) Calculation of empirical formula : 


Element 



Percentage 


53 3 


At. Wt 


15 6 
3! 1 



Percentage 


At. Wt. 


4-44 
15 60 


Dividing by 
Smallest factor 



Empirical formula = C^HtN 

Empirical formula weight =» 45 

((7) Calculation of molecular weight i 

Weight of the platinic salt of the compound = 0 1087 gm. 

Wt. of platinum left on ignition = 0 0424 gm. 

Let B represent one equivalent of the base. 

Molecular formula of the platinic salt is /? 2 H 2 PtCl 8 
and molecular weight of the platinic chloride, 

0-10S7V 195 

0 0424 

= 500 

Or 23-1-410 == 500 

B _ 500^ _ ,5 

Tiius, equivalent weight of the amine »» 45 

Since it 's a monoacid amine, molecular weight = 45 
(Hi) Calruijfion of Molecular formula : 

... . ....... . Mol.wt. 


= 45 


^h’h-ciiijr Jnnmilu — Empirical formula -X 


Emp. formula wt. 


C.HrN X 


= C2H7N 


( /k ) Name of compound. Since it is a monoacid primary amine, it must contain 
f H:’ group. Ttior.rvkre, the compound is ethylamine, » e., CjHsNHs. 

■'•n'Hr Formulae of Hydrocarbons For dtlaih of the method and 
- r.u ucrical questions on molecular formulae of hydrocarbons see 

' c///. 

QCESTIONS 

re cmnirical formula. How is it determined ? An organic compound 
r r ^ent carbon. 6 6 per cent hydrogen and remaining is oxygen. Calculate 
. 1 ! :o.nuila of the compound. (Ans. CHjOJ 

■i i; inic compound containing carbon, hvdrogen, nitrogen and oxygen gave 
• , ig icsulis : 

I! 40 32 per cent : hydrogen - 9'5S ncr cent and nitrogen = 19'18 per 
k u. ulatc Jhe empirical formula of ih? compound. (Ans. C 3 H 7 NO) 

0 45 gni. of an organic compound gave on combustion 0‘99 gm. of carbon 
•• oe and 0 54 gm. of H^O. Find out the simplest formula of the compound. 

CgHsO) 








determination of structural formula 
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4 0 1502 fm. of a compound on IreaLmen. JOSolm' Va™"- 

a <\.0 AA • * * - 

taken as 12 8 mni. 


“fir:::— 

®'‘°*oorm“:nhe subslance con.ated 10 37 gm 
0 299 gm r» ?6-62‘' ’ Empirical formula is 

Its 'TP'"?!!”™" k= 6 et% ■. to/a/W«Af. JU5SS.W/ ) 

(Ans. " ■ , .nnlvds • 0 2496 litn of 

A dibasic orgamc 

rffiScd bT21 0 Cb of NIIO NaOH. CalcuUe ,„,,„35, 

t .cic cave the following results : 

10. An organic liquid, on analys.s, gave ^ 

(a) Element : C. H.N.O- .,, to b» 4r37 per cent and H to 

on rombusrion C was fou „eu,rabscd 

I t On kjeldahlising 1 0* K"*- 

;;2SS.«:s.=.ssss0S,:. 

„ 0 30 gm. of an organic compound con, ainmg c, . 

0 ^7di,liif u - a^d 

I7":'.ur^a^ i^lS: ,0 :b-on,^„u^,^d^ ^ OH3.COM ICcHs) 

u • n-'noni of a dibasic crgin'C acid ^ „m of silver, t-'ind 

O OdVm f^o'Tsm’rn: of- iif s.lvcr saU ln.r. 195*1 19,5) 

.nn moiccuiar .iblc organic liq^ -alyscd as ,;n cr . 

Sr K^r 

When evaporated in a vicio ^ pressure, v i 

collected over water at 2/ c an 

^26 5 mm) 
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QUESTIONS 


The liquid forms (i) a crystalline solid with sodium bisulphite and (ii) gives a red 
colour on treating with concentrated solution of sodium nitroprusside and then adding 
NaOH solution dropwise. What was the liquid and why ? 

CHav 

(Ans. ^C=0, acetone) {Panjab Inter. 7954 Supply 

14. An organic liquid on analysis yielded the following results : 

(a) Elements present. C. H. N and S 

1,6) On combustion C and H were found to be 41’37% and 5 73% respectively. 

(c) On kjeidahlising. the ammonia obtained from I'Ol gm. of the substance was 
neutralised by 1 16 ml. of N. HCI. 

{d) in the Carius estimation of sulphur, 0 2066 gm. of the substance resulted la- 
the precipitation of 0 5544 gm. ol UaSOi. 

{e} 01015 gm. of the liquid when vaporised displaced 27*96 ml. of dry air 
measured at IS'^C and 750 mm. pressure. 

Find the true formula of the substance (Ans. QHjNS) {PanJab Inter 1945} 

15. 0 369 gm. of a yellowish organic liquid on combustion produced 0 792gm. 
of CO2 and 0 135 gm. of water. Niiroien estimition revealed 11*4% of the element. 

0*135 gm. of the liquid in a Victor Meyer apparatus displaced 28*5 c. c. of air 
collected over water at 27-’C and 743 5 mm. pressure. 

Its reduction product on warming with chloroform and alcoholic potash produced 
a vapour with a disgusting odour. Wnat was the liquid 7 Aqueous tension at 
27 C«23 5 mm. (Ans. C0H5NO2) {Panjab Inter 1952) 

16. Find the empirical and molecular formula of a dibasic acid from the folio- 
ing data. 

(a) 0 3192 gm. of the acid gave on combustion 0*4224 gm. of COo and 0*1512 gm. 
of HaO. 

(6j It contained 10*52% nitrogen. 

(c) The vapour density of its dimethyl ester is 80*50. 

(Ans. C4H7NO4) {Panjab Inter. 1950} 

petermine the molecular as well as the structural formula of a compound 
trom tho following data : 


fu) It contained 16*27%; H*0 68%; 01=72*20% 

(h) 0 2950 gm. of it displaced in a Victor Meyer's apparatus, 50*64 ml. of moist 
air at 24 c and 753'7 mm, pressure. 

It forms addition product with sodium bisulphite and yields chloroform when 
\vi. mud with caustic soda solution. Aqueous tension at 24'’C=22*'’ mm 

(Ans. CCIj.CHO) {Panjab Inter. 1950} 

. ■■ •1 organic diabsic acid contains 0=17*39% H= r45?o and Br*57 97®/ 

■ r.u-nsity of Its normal ethyl ester is 166. Determine the empirical and* 
:ini!a of the acid. (Ans. CiH^OoBr) {Panjab Inter 1949) 

' " of an organic n1onoba^ic acid gave on combustion 0*505 cm of 
gm of 


V 


.n ol the acid required 15 cc. of N/10 NaOH for comolere neutralization. 
K mo.c.uUr lormula of acid. (Ans. C 7 H 9 O 2 ) {Panjab Inter 1945} 


m) 


■\ mono acid organic base gave the following results on analysis : 

save 0 2p2 gm. COo and 0 0756 gm. HjO. 

0 -00 gm. gave 21 s c .c. of dry nitrogen at 15®C and 760 mm. pressure 
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determination of molecular formula 

(,70 0 400 gm. of the platinichloriUe lefi on igniuon ^9^5 

is the molecular formula of the base . C-:6 7 and 

21. A dibasic acid containing only C H a^ 

H = 22%. The vapour density of us diethy (COOH)- {Jammu & Kashmir 1^5-1) 

“''22 „-, 0-2905 gm. of a sol.d organic acid on combustion gave 0 6.60 em. of CO. 

and 0 0944 gm. of H 2 O. 

L'ndt-oTeSs o^ret.ers”“ ' 

(Hi) H forms ' «i'no • find ihe structural lormu^a of 

iiv) U furnishes an anhydride on (Panjob truer /v.W) 

De.cribe brieOy the .ravimetne method of determining .he molceul.r 

^vcight of organic bases monoacid organic base left on ignition 0 195 

ih\ 0*596 cm of plaliDichloride of a m h^ce and also give the r.aiiu 

pUdnur CaLlatc <hc molecular w=,|h.^o... he base and ^ 

.H.S aroma,, am, 

an organic compound. organic acid gave on ignition 0 524 

ih) 0 477 gm. of the ^molecular weight of the acid, 

gm of metalhc silver. Calculate the mo. ^Panjab T D.C, Pen I. ^4) 

25 EX Plain bricny 'Stiver 

'SfsfoH" KSp^Vlt „°eSLra.lon. Find .be nrol-_;ar Jtgh. of dte act 
26. A monoacid organic bare gave .he follow, ng resul.v on analysis I 

(a) OlOO gm. ® N?tiOKn^rnea<uf^^M^^^ atitl 
S 0-MO \1 'on'he Pladni chlorido’^lef. on^ igni.ion 0 09375 tm. of Plattnum. 

Whatisthe Molecular Formula of the base ? iPaniab T P.C. d) 

27 ." A'^Tofo'acid base gave the following results on analysis :- 

0 2 gm- gave 0 57(4 tm. ^^'‘^,*^"iJ/ogenVt"l^5®V.^a^^ pressure. 

? 53 rgm^if hydrochloric acid for complete 

jiautralisation. r u u o 

What is the molecular formula (/*o/y«/> P^’- E»n \^U’d. 1966) 



CHAPTER XXIII 


CHEMICAL LINKAGES, MOLECULAR STRUCTURE AND 

ISOMERISM 


Cause of Chemical Combination. As is now well-known, the real cause 
of chemical combination lies in tendency of the atoms to complete their 
outermost orbits. The atoms of the inert gases, except helium, contain 
8 electrons in their outermost orbits. Helium which 'has only one orbit 
contains 2 electrons. Since the inert geses have no tendency lor chemical 
combination, it is believed that their outermost orbits are complete. It 
follows, therefore, that (he outermost orbit of an atom is complete when 
il has » electrons. The outermost orbit of hydrogen, however, is complete 
when i: has 2 electrons (c/. helium). 

Now atoms of all elements (other than the inert gases) have incomplete 
outer orbits. They have, therefore, a tendency to combine under suitable 
tondiiions. During such combinations there is a rearrangement of 
elcclrons in such a way that each atom acquires 8 electrons in its outermost 

orbit. 

The rearrangement takes place by any one of the following two ways : 

(i) xYiC- transference one or more electrons from one atom to 

-.'ilicr. 

■ i ' Ry the sharing of electrons between the two atoms. 

‘ vpiT <>i 1 inkages. Three types of linkages are known : 

I Jfnro\ alenf Linkage. The linkages established by the transference 

• flcctrons from one atom to another is known at electrovalent 

• < ' // 1 compound formed is termed as electrovalent or ionic 

h . 

‘ ’ .i . for example, the formation of sodium chloride. Sodium 

<on 2. 8. 1) loses one electron and chlorine (configuration 2, 

. 11 :- that electron and thus both acquire 8 electrons in their 

: .'sf orbits : 

Na + Cl — ^ [Na]+ [Cl]" 

2.8,1 2,8,7 2.8 2,8,8 
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Sodmm atom loses one elcouon a ^ 

charge while ^^lorme atom gams ‘ ^ i „„3 

charge. These charged decirieity in fused slate as well 

The electrovalent compou ^o\ab\i in water and only 

:,i^h,W soluble mo;ga"n,e solvems. They have rather high mehmg 

;;:e et^,^ 

electrons benveeii^ ^nvaltnt co-npound. . , 

formed is termed as ^ ^.p^inc compounds) are formed 

Most of the carbon compounds (..,g has tour 

by covalent linkages. lose all these elecirons nor can 

^'iThr'rr rd'<l’hio“::t efep rons to ^ea’ibSn Itoif can 

Siie Sn: h^droge" amms to^fornr a stable molecule of methane. 


+ 4 H 


H : C ; H or 


H-C-H 


H ^ 

- 8 electrons in its outermost orbit while 

The carbon atom two electrons, 

each of the hydrogen atoms a.qui Mogen atom is couileni 

nu^, the bond done m the 

which is usually represented by g' ^ to be four 

Tbive formula of methane The covalency 

while that of of shared electrons. 

bond, as abo^^e. represents a pa electrons 

The combination 0 carbon wuhjh^^^^^ ,, presented as 

in ihe outermost orbit) to lorm 

below : 


• • • 

. C • + 4 . Cl : 


: C • 

Cl:C:Cr. or 

4 9 

;Cl: 


Cl 


Cl 


-c- 

I 

Cl 


Cl 


1 KU r^mnertv of combining with other 
Carbon atom has of electrons. Thus, two 

rar rrs ‘’^^Jbe im^d b^; .e .haring of one Pam^of electrons 

of ethane : H H 

H H 


H : C ; C : H 
• • • • 

H H 


or 


h-c-c-h 


H H 

Ethane 
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COVALENT LINKAGE 


Double Bond. If the carbon atoms are joined together by the sharing 
of tA'o pairs of electrons instead of one (as in the above case), the bond 
between them is said to be a double bond. This may be represented as 
below in case of ethylene : 

H H H H 

.... II 

H ; C : : C : H or H— C=C-H 

Ethylene 

A compound containing C=C bond is said to be uosaturated. The 
representation of this bond by double linkage does not, by any means 
imply that the bond is ‘stronger’ than the single bond. Actually, the 
presence of double bond in a compound makes it less stable, that is, more 
reactive because there is always a tendency for a double bond to convert 
itself into a single bond. The double bond in ethylene, for example 
readily changes into a single bond on treatment with hydrogen or 
bromine. 

+ 2H — ► H3C— CH3 

H2C=CH2 4- Bra — ► BrHaC-CHaBr 

These reactions are known as addition reactions. The full significance 
of the double bond has been explained in Chapter XXIII. 

Triple Bond. If two carbon atoms are joined together by the sharing 
nf three pairs of e/ec/ro/ij. the bond between them is said to be a triple 
bom). This type of linkage may be represented as, 

H : C : ; C : H or H— C=C— H (acetylene) 

The presence of triple bond in a compound makes it even more 
reactive as there is even greater tendency to acquire a single bond. Thus, 
acetylene readily changes into ethane cn treatment with hydrogen. 

HC=CH + Ho ► H,C=CHa 

Ethylene 

HX=xCHo 4 - Ho ► H3C— CH3 

Ethane 

Formation of Rings. Carbon atoms may be joined to one another 
iioi oiil> in chains (as shown above in the case of ethane, ethylene and 
ic. tvlenc) bui .t in rings as shown below : 

H H 

1 ! 

H— C C— H 

i 
I 

H— C C— H 

I i 

H H 

Cyclobutane 


II 


H 




ii H 

'\/ 

C 

\ 

/ \ 
cr 

\H 


Cyclopropane 
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H H 

\/ 

C 

H\ /\ /H 


H 


H 


/ 


\ 


H 


H 

H 


C 

c 


H 

H 


H-C C-H 


H H 

Cyclopentane 


H 

Benzene 


below : 

• • • • ^ 

o=s-*o 

^ \ 

Co-ordinate linkage 


. O : : s : O : 


or 


/ 

Covalcot linkage 


Representation of Organic Molecules 

■ TP^Tane afshow'irifte '"above 'e«mp™s, th“ convenient; 

S .*« SSS/™” “ S”” 

oflhecirbon atom are disirt ^ . is represented as lying 

three dimensions. ^hejron wi-h its four valencies directed 

cofits of the laaeras .shown in Fig. 1. The angle 

towards the 109^—28' as shown in Fig. 1. 

between any two valencies is 





Fig. I. Tetrahedral structure of carbon atom. 

^moniitids have their atoms arranged three dimcn- 
sionally m space and. used for this purpose. The carbon 

paper or black-board^ Modcls^^^^^^ 

atom, for jrtstance, ca P proper angles. To these pegs, 

which wooden - representing hydrogen, oxygen, chlorine 

spheres of different . Thus, methane and ethane will be repre- 

andolhcratomscan att ^ representing a hjdrogen atom. 

sented as in rig. luch ^ r 
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STRUCTURAL FORMULA 



Fig 2. Space models of methane and ethane 


Slructurai Formula 


As pointed out earlier, a simple molecular formula. CoHeO, repre- 
sents two different compounds, ethyl alcohoKCjHjOH) and dimethyl 
etherfCH.^OCHj) which have entirely different properties. There arfr 
several other such instances wlvch have been dtscussed under isomerism 
in this chapter It is evident, therefore, that although the common ele- 
ments, carbon, Itydrogen. oxygen, etc., have definite valencies, there 
be more than one way in which their definite numbers can be joinco 
together. Therefore, the organic chemist was confronted with a new 
problem, unknown in organic chemistry, of representing two or more 
compounds having the same molecular firmula in a manner which may 
readily be understood. Thus, ethyl alcohol and dimethyl ether are- 
represented as : 

H H H H 


‘ I 

H— C C— OH 

I I 

H H 

F.thyl alcohol 


I I 

H-C-O-C-H 

I I 

H H 

Dimethyl ether 


These formulae are called structural or constitutional or graphic 
fortn lilac 


I he ton«-tiiuiional formulae of a few more common compounds are given below: 

Ji H O H H 

() ' yP I II I \ M 

^ H— C— C— C-H H— C— N r 




H ~C— C 


\ 


OH 


11 H 

. .-Xectic acid 


I 

H H 
Acetone 


\ 


H 


I 

H 

Methylaminc 


• '.irii.il I’likir ( liaractcr of the Coalent Bond. Perhaps it maybe assumed that 
I e ai 111 hori.l > eompletely a non-ionic bond as the shared pair of electrons may 
!••• , , om.' i '.i* symmetrically distributed between the two atoms concerned. 

I ne f.iei I'. liouwAcr, difTcrcnl. 


' . TV often, especi.\ll> when two dissimilar atoms are involved in a covalent bond 
r. i n) tlK charge of the shared pair of electrons is displaced more towards one 
’f’l ’h in the otlier, which develops a small polarity on the two atoms : that is, one 
I • ,u*'ms acquires a fractional +vc charge (+3) and the olhtra fractional - ve 
. : :;c ! a). Which of the two atoms acquires the — ve charge or the -f ve charge 
I'i. pends upon the relative electro negaiit'itics of the two atoms. The electroncgathiiy is 
ilejuied us the power of the atom to attract electron towards itself. 
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The order of electroncga.iv.ties, of a few element, goen belo -t ■ 


f/0<N<C<H, F(c,<Br<. 


Thu. various bond, will be polar as, for example. 


+ 5 -s 
c -o 


?> 

o -H 


-rt 

H -Cl 


-r<S 

C-N • 


Evidently, the ma,nUadc of the ,,,nK-nt 

The above considerations are co^hrmed 

of various c3mpoiindscontam.nt ^ chemistry there nre 

Isomerism. As niennoned abov^ represents two or moic 

many cases where a .. .veP as chemical properties Such 

compounds which differ in physical a 11 j,fferfn'mone 
coZoun6s saul ,o l^e iso.ers or 

another in pit) steal am - isomerism. 

isoineriiles and the phenomenon ,s knotut 

There are two main types of isomerism. 

(A) Structural Isomerism 

(B) Stereoisomerism i.^niensm is that which is due 

(A) StructuraUsomerism. ,n//M« the molecule. In 

,0 de difference imhe arise, from .he melhod ol hnh- 

rnTonheliomtSul -ty reference lo Ihe.r po.U.on ,n space. 

I:.H:a,a,.Tcr,n.he manner of hnO 

"cr-crc^^^ CH.-CH-CH. 

«. Butane CHj 

/ 50 -Buiane 

dieihyl ether and methy pr P CH,-0-CH,.CH, CH. 

CH3CH.-O CH., 3 Methyl propyl ether 

- M .He nul'ofi^on -- ~es m a^n^-i.^Um — 

(cJHu) so om ^ isomerism arises from the dijfercnce 

(b) Position Isomerism . a group. Thus, normal 

in the position occupu>d by a the same formula 

in t'lT rda.'ve position of the hydroxyl group tn each- 

molecule : 
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ISOMERISM 


H H H 

I » i 

H-C-C-C— OH 

I I I 

H H H 

CHa-CH.-CHaOH 
/j — Propyl alcohol 


H OH H 

I I 1 

H-C— C-C— H 

Ilf 

H H H 

CH3.CH.OH.CHa 


iso — Propyl alcohol 


(c) Functional Isomerism. This kind of isomerism is due to the 
presence of different functional groups in the compounds having the same 
molecular formula. For example, 


CH3 . O . CH3 and CH, . CH^ . OH 

Dimethyl ther Ethyl alcohol 

have the same molecular formula but while the former contains ether 
group (“O—) the latter contains the hydroxyl group ( — OH). Another 
example is, 

/O j CH,v 

CHaCH.C^ ^C==0 ' 

Ch/^ 

Propionaldehyde Dimethyl ketone 

'.(}) Tautomerism. This type of isomerism mvaAeJ n compound which 
can exist simultaneously in two'forms in equilibrium with each other. For 
imple, hydrocyanic acid exists in two forms in equilibrium : 


H-C=N ^ H-Nz^C 


I he rorm II — C = N usually predominates. 
Niirocthane also exists in two tautomeric forms : 


C H ..CH 




CH3.CH = N<^ 


OH 

O 


it Aill be seen that tautomerism involves the shifting of the position 
■ ta inJrogcn atom. Such a hydrogen atom is known as “mobile** 
•• O'-i'.’en. 


•' Stcrcuis >nu’risni or Space Isomerism. This type of isomerism is due 
i. 'he tl ifrrcncc n the spatial positions of the atoms in the molecule. 

ii I', alihouch the atoms are linked in the same way In each 
i', (/ hen-nce arises from the trrtV’ in which the atoms are arranged 

i/< ( . S’.icli i'omers arc known as stereoisomers. 

i A’l opes of >iercoisoniw*risni is known. 

.1 ('>pli:ul (/>) geotnefricat 


to isonicii\tn. the isomers differ from each other only in respect of their 

■’ Mviour towards the polarised light. One of them rotates the plane of the 
'• 't iriscd licht lowarcls the r\g\M (dexiro roiation) and the other towards the left 
.;<•»</ rouiiion). This dilTerence becomes clear if it is realised that the configurations 
i>r /he lu o itioh’cid 's ore mirror image of cadt other ; for cximple, in lactic acid 
CH;,.CHtOH).COOH, wc have 
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CH 3 . 


c* 

/ \ 

H OH 
COOH 
Object 


CH:, 


C* 

/l\ 

HO I H 
COOH 

Image 


The /wmemm arises due to fact (hat positions of atoms or groups 

linked to two carbon atoms across a double bond become fixed in space, because a 

double bond some how restricts free rotation of groups within the molecule. 


Thus two structures (A) an.1 (B) are possible for the constitutional formula 
HOOC.HC=CH COOH. and these are 

H— C-COOH HOOC— C— H 


|i 

H— C-COOH 
(A) 


H-C-COOH 

(B) 


In fact both these are known. Structure A represents maleic acid and Bis 
fumaric acid. This is the most well known example of geometrical isomerism. 

Numerous other examples of stereoisomerism are also known. tFor more delails. an 

advanced organic text may be consulted). 


Significance of Double Bond 

Baeyer’s strain theory. According to van't Hoff, the lour valencies 
of a carbon atom are directed towards the four corners of a regular 
tetrahedron as explained earlier, and the angle between any two valencies 
flinkages) is 109® 28' (Fig. 3). If this angle is varied in the formation 
of a certain compound, a strain is set up in the resulting molecule. 
The greater the variation from the normal angle, the greater is the strain. 
The linkage of two carbon atoms by a single bond does not interfere 



Fig. 3. Tetrahedral structure of carbon atom. 


with the normal angle and hence no strain is produced. The single bond 
U therefore, strong and stable. But the linkage of two carbon atoms by a 

double bond, as in ethylene .results in a considerabf 

Hicnlacement of the valency bonds. The bonds now become nearly 
parallel (Fig. 4) and, therefore, the angle between them becomes 


lu^ zi 



lo» 2* 


Fig. 4. Valency bonds in ethylene molecule 


baeyur strain theory 
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zero The angle through which each bond has been displaced, evidently 
lb 9 ° 28'-0 ^ ,4044. 1-hus. the forttration of a double bond involves 

r very leavy distortion or strain in the molecule. Consequently, the 
compound is not stable. converted 

The strain can only be relie a strong tendency, therefore, to 

into C-C bond. The compound Fig. I. The addition 

jlhvl 'ne fr olecule takes place readily resulting m the 



ETHYLENE 



K 


ETHYLENE DISROMtDE 

Fig. 5. Mechanism of addition to a double Bond 
formation of a saturated compound in which ‘he valencies are direct^ at 

normal angles. The molecule now is free of strain and, therefore, more 

'‘"'’According to the modern concept, a double bond actually comprises 

of two linds'of bonds of markedly different strengths ; the 
c tiled a sigma (a) bond and the weaker one. a pi (j:) bond. The reactiv y 
fihe dotfble bond is due to the weak t bond which is far easier to be 

Another concept which has ^ 

explaining the structure of ^ Jarge number ot^ org^an^c ^ 

is resonance. If two or more man two only in respect of 

certain compound -emaminR in identical positions, then 

diitribuiion of electrons, their atornic nuclei rem g ^ 

ilie actual structure of the compound IS sa actual structure is supposed 

K;'hrl3''or.h“/ ^ r doub.« headed armw Is 

11 ed to indicate resonance), 




. V ..nous simdurcs must have almost similar energy. as 

h.r well-known example is that of a carboxjla^e ion, which is represented as 

R—CY •« R— C 


.0 yO 

c€ R-c<^ 


iW lKl.iiv.l). But thi> analogy need not be taken too far. 

QUESTIONS 

I xn! „n c carlv the cause of chcmicil combination of the atoms. How wgjjd 
In.iuish belwecn eleclroi'alency, covnlencj;^ and ' °”'® 

. i.nridy. 'Whui type of valency is concerned chiefly in organic compounds . 

2. v:xplain the formation of the following compounds on the basis of electronic 

theory of valency ; 


I 
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(/) Methane (H) Ethane (r/O Carbon leirachloridc (iV) Ethylene o) r,|i>kne 
dichlor de (v/) C>clo-propane. 

^ What is meant by sinictural formula ? What is its importance in oreanic 

cher^istry ? Give the structural formula of (i) Propane («> Ethyl alcohol (m) Oimethyl 
ether (/v) Acetone and (») Acetic acid. 

4 Write a full account of isomerism of organic compounos. 

5 Differentiate clearly between (/) Cham Isomerism {//) Position isomer , mii 
( m) Functional isomerism and (iV) Tautomensm Give examples. 

6. Explain the terms (a) Single bond (6) Double bond (c) Triple bond. How 

do they differ in their chemical reactivity . 

7 <;how how the following compounds are isomers oi one another (jj propykne 

ethyl alcohol. . . 

8. Write notes on; Single bond, Double bond and Triple band. How is it 

that a single bond is strongest of all ? , . , 

o vv/hot u m.?ani bv covalent and electrovalcol linkages. Whieh of these 
Mnka^s occur in organic compounds ? Give the electronic formula of meth^ 

10 (a) Explain the terms ‘electrovalency' and ‘covatcncy’. 

,™HSS£?sH*.ssrK,a 

? Smte you^ answer"by Sring to simple organic substances. 

Kind’ihiSale'^SSS^ 

Explain the sigti'^cafice of thy jog at 

;^l;ro®„Vc»m'pl= o? f^f/ubUncesl^nf mi single bond only (n. a. loa. one 
double bond (m) at least ^ Structural formula and fc) Electronic 


acid. 

14. 
{/) 
(ii) 
Uii ) 

tv) 

(VI) 

(viV) 


(Faiijab Inter. J9S5) 

Fill in the blanks : 

Isomerism is the phenomenon 

b cS'S}.:.: I^^rons rro„, one a, on. ,o 

^ovalen.\ond .nvoWes ...^ "'-jf '“^„^,'’'S;;.'™..,eac.ions. 

E.byTalcoborld ISl c'lhersare «an,plcs shoeing .ype of struc.ural 

'“(’So'a carbon a.on. is assunred to b= siroa.cd a. the of a regular and i.s 

lour .. are directed ; ^,,ich in turn is weaker lhan .. bond 

A dngVe eCIakn. bfnd rnvolvrs a sharing of one of electrons and a double 

'’uV^Irpe of linlT'cherlm E elcelro.a is conir.buted by only one of 

the atoms is called a bond. 

15. F.xplain ; . . _ 

(h Tetra valency of the carborj atom. 

(2) Significance of single, double and ^ saturated and iinsaturaled 

Illustrate your ansvser by taking examp ^Panjoh T. D.C., Fait I, 1963 S) 

hydrocarbons. 


CHAPTER XXIV 

CLASSIFICATION AND NOMENCLATURE 
OF ORGANIC COMPOUNDS 


sibd^rd^re m 

the study of .he subjec,. 

Fortunately it has been possible to do so. 

Broadly speaking, there are two main types of compounds. 

(n ) Or>en (or straight) Chain Compounds. These are also known as 
aliphaiic “mpounds- The name .s derived from .he word Tat because 
The Lrlier compounds of .his .ype were discovered in ta.s. 

In .hese suPi.ances, the carbon atoms are linked together m open 
chains, as for example, in ethane and acetic acid. 

» I ° 

h-c-c-h h-c-c-oh 


H H A ^ M 

Ethane Acetic acid 

(h\ Close Chain or Cyclic Compounds. These compounds contain 

leal 0 ^ rTng and"a“re, therefore. aTso known as ring compounds. 

The cyclic compounds are of three main kinds ; ^ 

/ I Aiirvriir ComDouods.- Tliesc substances are carhocyclic ring 
iinds that is the ring in these compounds consists of carton o/ow5 

:?,r° Howevm Jhelris no® double bond fn the ring in such compounds 
he cNamples, are cyclobulane, cyclopentane, cyclohexane, etc., as shown 


‘.•LiOW 


n.r— CHo 


HoC— CH.» 


HoC 


CHz 

/\ 


VI ,C— CHa 
■ Nc’obutanc 




CH 

CH 


HnC C 2 

CH, CH, 

Cyctopentane Cyclohexane 

\roniiitic Compounds. These substances are also carbocyclic ring 
.in.>u:Kih but tliey differ from them in having at least benzene rmg 
T!,..t j a ting with alternate double and single bonds. For example. 
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CH 

HC^^CH 


C H 

hc^\c-cooh 


CH CH 

HCr^'^^'^CH 


HCvs ,CH 


^H HC^^ ;k ^CH 

CH CH CH 

Bgrzenc Bfnzoic aciJ Ncphthalcnc 

Heterocyclic Compound?, These con-<r<^urds comain other 
merits such as sulphur, ox\gen, nitrogen, bcMces ^aiboii. in ilic iing. 

example, 

CH HC-CH HC-CH 

HC^ ^CH 


cle- 

For 


HC 


'Xn/' 


CH 


HC CH 

\/ 

S 


HC CH 

\/ 

O 

Kuran 


Pyridine thiophene 

Homologous ScTics. Organic 

luTh Ude^rr^dr e — "'or .nd.r.du,,! members 

te csnerhomologuos. Consider simple ^ydroemb ms ot -- 

vh CH rmetlnne) C.H.. (cthaneK C.H^ (propane), (hiitanct. 

C:H^?^.^:ne,;^cH;n.,^er d^rslr^r rlie^.^^^ n-ber in 

t£|e b. re b.d..n .cm 

hLeTfelanTg^nen'il 'bir^l.r '‘ tI.us .‘he gcneniUormiihi of .he a, gone 

"'r: hS^ge: :.om in .he i.hove compminds is replaced by a 
hydroxyl , OH, group, ihe new conipou.rds re. 

Mconfeohol h.hH alcohol IVopyl alcohol 

Norv in .his nerv se.ics also, each member dilto ^y 

CH,. Further the same general formula, C„H,„ ,OH rLp-c^e^^. the 

position of every member. , 

Similarly .here are o.hcr homologous series such as aldehydes, ke.o- 
ncs, fatly acids, amines, etc. . , , 

Cbarac.eristics of Homologous Series. The compounds belonging to 

the sime homologous series h. re the follorrang characitrislics. 

1 They havf .he same general formula, as shosrai above. 

2 They show simihtr chemical reactions. 

l' They can fe pupared by the same general methods. 
i Them phwical properties such as solubility, density, melting 

point, boiling po’i... etc., show a gradual change rri.h increase in mole- 
rntarXcmhi of the compound?. 

5 . The first rr.cmber of each series sometimes shows an unusual 
behaviour. 

These fads have simplified the subject a great deal. 
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FUNCTIONAL GROUPS 


Functional Groups. All members belocging to any one homologous 
series contain one specific group which largely determines the.r proper- 
tied Such groups are, therefore, functional groups. The presence of the 
lame fuuclioual group in all members of a homologous series accounts for 
the similar properties of the members of that series. If the properties of 

one representative member are known, the properties of other members 

.ofthe sdme series can usually be predicted All aldehydes, for example 
conteidthe-CHO group as the functional group. The properties of all 
ald^iydes are, therefore, really the properties of this group. The same 
true of alcohols, ketones, ammes, acids, etc. 

The number of functional groups in organic chemistry is much smaller 
than the total number of compounds. Therefore, by putting emphasis on 
the functional group present in each homologous series, it has bten possible 
to systematise and simplify the study of organic chemistry. 

Nomenclature of Organic Compounds 

Bv nomenclature is meant a suitable system of naming compounds 
ISO that they may be correctly understood by chemists all over the world. 

In early days, a number of organic compounds were nained ou 
11 , df thdr oriein for example, urea and uric acid (from urine) ; malic 

ndifrom aoDl? in Latin means apple) : methyl alcohol (from 

wood di™iUation’; methu meaning wine and hule met nmg wood m 
^.reekl etc. This system of naming organic compounds is known as 

common or trivial system. 

The trivial system had the advantage that the names were simple and 

could be easily remembered. But with ever growing number of organic 

comoounds the need was felt to evolve a new system which may indicate 
the iirHcmre of the compounds rather than the source from ™bich 't was 
obt.ained Accordingly an International Commission was called m 189S 
at Geneva to decide upon a system of nomenclature which is known as 
the Geneva system of nomenclature. The work was further earned on 
bv a commiuee known as the International Union of Chemists (I. U.C.). 

After nine years of labour they drew up in 1931, a scheme which is now 
referred to the I U.C. sjstenj. 

Tlie nomenclature of a few important homologous series is given 
below : 

(I) Alkanes or Paraffins. The alkanes are the most important 
imon-a other parent sub.^ances because a number of compounds belong- 
in-'fo^he families can be considered to have been derived from them. 
Tlic- first lour members of the paraffin series have special names derived 

from hislorv. The fifth and higher members are named according to the 
number of carbon atoms contained In the molecule. Thus we have 


Cll, 

Methane 


Pentane 

CJ \n 

Ethane 

CcHi» 

Hexane 

(■ lU 

Propane 

C7H,e 

Heptane 

c.n 

? utanc 


Octane 


and -o oi\. 
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The general formula of alkanes is C,*H 2 »n .2 


(2) Alkenes or Olefins. Alkene* or olefins are the unsaturated 
hydrocarbons containing one double bond. Their general formula is 
C/iHa,,. The names of the individual members are derived from alkanes 
containing the same number of carbon atoms, by changing the sufTu 
— ane to — ens. Thus we have 


Formula 

I.U.C. name 

Common name 

CH.. 

Mcthene 

Methylene 

Q>H^ 

Ethene 

Ethylene 


Propene 

Propylene 

QHh 

Butene 

Butylene 


Pentenc 

Amylene 


(3) Alkynes or Acetylenes. Alkynes or acetylenes have the general 
formula C/iHa, I, . . They contain one triple bond. The name of each 
member is derived from the corresponding alkane by replacing the suffix 
— ane by —yne. The names of first four members of the series are given 
below : 


Formula I.U.C. Name 


Common Name 


C2H2 

Ethyoe 

C3H4 

Prcpync 

C4H6 

Bulyne 

CsHh 

Pentync 


Acetylene 

Ailyleoc 

Crotonylcne 


(4) Alkyl Radicals. Alkyl radical is of great importance in organic 
nomenclature. U is derived from an alkane by the removal of one 
hydrogen atom. The radical is named after the corresponding alkane by 
changing the suffix from —ane to — yf. The first four alkyl radicals are 
given below : 


Formula of 
radical 

CHfl- 

QHo- 

CaH?- 

CiHi,- 


Aikane from 
which derived 
CH|. Methane 
C2HC. Ethane 
CsHk. Propane 
CjH,-) Butane 


Name of the 

alkyl radical 

Methyl 

Ethyl 

Propyl 

Butyl 


Sometimes the alkyl radical in compounds is represented merely by 
the letter R. This is the usual practice where the main emphasis is on 
the other group or groups which arc present in the molecule. Thus when 
the properties of halogen derivatives of alkanes are under study where 
the halogen group and not the alkyl group is taking any significant part, 
the compounds are written as R - Cl or R — Bras the case may be. R 
represents any alkyl radical (methyl, ethyl, etc ) that may be present in the 
molecule. 


(5) Alcohols. According to the new system of nomenclature, 
alcohols are named after the alkanes from which they may be considered 
to be derived by replacing the last letter V by the syllable 'oF as shown 
below: 


r 
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Formula 

CH,OH 

C2H50H 

C3H70H 

C4H»0H 


Alkane from 
which derived 
CH4, Methane 
QHe. Ethane 
C3H8, Propane 


/. u. c. 

name 

Methanol 

Ethanol 

Propanol 

Butanol 


Common 

name 

Methyl alcohol 
Ethyl alcohol 
Propyl alcohol 
Butyl alcohol 


crKoii CiHlo. Butane Butanol 

Thus all alcohols end in ‘cl’ and as a class they are called alkanols. the 
general formula being C/iH.uri.OH . 

S'i»g » Ite W™’" e™"!* 

« 


example. 

Formula 

CH-.OH 

CH2OH 

CH.OH 


l.U.C. name 
Ethanediol 


CllOll 


1 , 2 , 3 , Propanetriol 


Common name 

Ethylene glycol 
or glycol 


Glycerol 


ClljOK . 

Fibers Ethers may be rcaarded as derived from alkanes oy 

replacine'two hydrogen atoms (one Irom each 

'itom Their general formula IS represented as R — O R or K. u 
\hpcml:n^ up>m ihc fact whether the two alkyl radicals i-em 

different. They are named after the two alkyl radicals contained m tn 

s shown below : 

F.^rmnla l.U.C. name Common name 


Formula 

CH .OCH i Methoxy methane Methyl ether 

CHn O.Cilir Methoxy ethane Methyl ethyl ether 

Cili-6c..H- Ethoxy ethane Diethyl ether 

(7) Aldehydes ’ Aldehydes are named after the alkanes from which 

they may be considered to be derived by replacing the last letter e oy 

‘n/' as shown below : 


/. U. C. 


Common 


name 

Metbanal 

Eibanal 

Propanal 

Butanal 


name 

Formaldehyde 

Acetaldehyde 

Propionaldehyde 

Butyraldehyde 


ro'inida Alkane/rom l.U.C. Common 

which derived name j 

ju no Methane Metbanal Forma dehyde 

cu t HO Ethane Eibanal 

5 , . 11 - Clio Propane Propanal 

f’ilH.C'HO Butane Butanal Butyraldehyde 

T hus all aldehydes end in ‘a/* and as a class they are named as 

alUanals. . 

IS) Ketones. The names of the ketones are derived from alkanes oy 
replacing the last letter ‘c' by 'one. A few examples are given below . 

Formula 1. U. C. name Common name 

CHi CO Cll . Propanonc Dimethyl ketone 

ClUCOCoH.', Butanone Methyl ethyl ketone 

C-Hr CO.C-.l-T, Pentanonc Diethyl ketone 

rr.Il=.CO.rZH? Hexanone Ethyl propyl ketone 


Formula 

CH3CO Cll;i 
CM3CO C.H.-, 
C-.Hr..CO.CjHr, 
Coils CO.CaHT 


Thus, all ketones end in 'one* and are called alkanones. 


255 
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(9) Fativ Acids. The fatty acids, on analogy with the above classes 
of compounds, are called allanoic acids. A few examples are given 

below • 


Molecular formula 
of the acid. 


/. U. C 

name 


Common }iame 


H roOH Methanoic acid Formic acid 

CHi COOH tihanolc acid Acetic acid 

C, He, COOK Propanoic acid ^u^^Hc^Jcid 

C^H COOH Butanoic acid Butyric ocid 

(10) Derivatives of Fatty Acids Fatty acids give a number of denva- 

lives some of which are given below : 

’ O 

if' 

R-C-OH 

1 



Acid chlorides 
O 

R-C-Cl 
For example, 


\cid amides 
O 

// 

r-c-nh. 


Acid anhydrides 

O O 

II 'I 

R-C-0-C~R 


R.COOR' 


O 


() 


H.CONHj 

Formamide 

CHs CONHn 

Acetamide 


CH:,-C-0-C-CHr, 
Acciic anhydride 


H.COOCH 3 
Methyl formate 

CH.COOCjHg 
Ethyl acetate 


H.COCi 

Formyl chloride 
CH 3 .COCI 

Acetyl chloride — . 

<1 If other OrgaDic Series. Some of the remaining homologous series 


Name of series 

1 

Functionnl 

group 

1 

General formula 

1 

1 

I'no simple 
members of 
the scries 

1 

Amines 

-NHn 

1 

R -NH: 

1 

CH;, NHn 
Methyl amine 


1 

or 

1 ^ 

C.H:NH. 
Lth’y! amine 

NitfOparafHns 

.0 

R NO. or 

CJIn.r.j.NOn 

CHllNOn 

Nitromcihanc 




Cdlf.NOo 

Nitrocthanc 

Alhyl iiilritcs 

1 _o*N=0 

1 o_/j_N 0 or 

1 CHr O-N^O 
j Methyl nitrite 


CaH, O-N-O 
Ethyl nitrite 

Confinued 
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Continued : 


* isitriies 

-C=N 

1 (Cyanides) 


Grigitard 

-MgX 

reagents 

(where X may be 

any halogen) 


K.CN or 

C'nH2n-fi-CN 


R.MgX or 
C„H2„^j.MgX 


CHaCN 
Methyl cyanide 
CgHgCN 
Ethyl Qanide 

CHaMgl 
Methyl magnes- 
ium iodide 

CaHgMgl 
Ethyl ma^esium 
iodide 


QUESTIONS 

1. Discuss Ihc classification of organic compounds. Give examples. 

2. Explain what you understand by (a) open chain ( 6 ) closed chain (c) carboxy- 
lic and (rf) heterocyclic compounds. To which class do aromatic compounoa 
belong ? Why are they called aromatic ? 

3. What is meant by ‘nomenclature of organic compounds* 7 Give the nome^ 
clature for the first three members of paraffins, olefins, alcohols, adlehydcs, ketones 
and acids. 

4. Explain whul you understand by homologous series. Give examples. 

5. What is a functional group ? Discuss its importance in organic chemistry. 

6 . What is alkyl radical ? Write formula of four different alkyl radicals each 
associated with a different ^nclional group. Name the compound in each case. 

7. Give the general formula and functional group of each of the following serie* | 
of compounds ; 

(/) Alcohols (ii) Aldehydes (iii) Ketones (iV) Fatty acids (v) Ethers (vi) Amines. 

8 . Write the common and I. U. C. names (where possible) for the following 
compounds : 

(/) CH 3 CHO (it) CH 3 CN (Hi) C 2 H 6 COCH 3 

(iv) CH 3 COCI (v) CH 3 COOC 2 H 5 (»0 C 2 H 5 COOCH 3 

CH 3 COV CHav 

(vi'O HCONH-. (^iii) >0 (i-v) _>NH 

CHaCO^ CHa^ 

f.v) CH3.CHOH.CH3 (aO (CHahN 

9. Write the formulae of the following substances ; Formaldehyde. Acetamide 
A -die anhydride, Formyl chloridct Nitrocthane, Acetonitrile, Ptopanonc, Methaool» 
Ethannl, Mcthanoic acid. 


CHAPTEk XXV 


SATURATED HYDROCARBONS 

(ALKANES OR PARAFFINS) 


Carbon forms a lame number of compounds wilh hydrogen which are 
known as hydrocarbons. They are divided inlo two groups : 

(i) Saturated Hydrocarbons (it) Unsaturated hydrocarbons 
Saturated Hydrocarbons. 

Saturated hydrocarbons are those in wliicli all the valencies ol carbon 
nioiTis are fiillv Liislied by hydrogen atoms. These compounds are ordi 
ulr^v resisiam towards chLiical i-eagents like sulphuric acid, nitric acid, 
cnlinm hvdroxide potassium permanganate, potassium dichromalL. etc. 
n ^ ol their^verv linlc chemical allinity, they are commonly known 

°„araZs(Lntn pJLi. little: allinity). They are, however, 

eLdy attack'ed by halogens when the hydrogen atoms are successively 

replaced by halogen aioni'. 

The simplest parairm is methane consibting of one carbon atom 
joined to fou? hydrogen atoms by covalent linkages. 

H 


H ; C :H 


or 


H -C-H 


or 


CH. 

Mciliaiie 

H '■ 

... . U , tiy.. c, TILTS consist of two or more carbon atoms linked 

rogetherTn^^ahis by covalent bonds. The remaining free valencies arc 

occupied by hydrogen atoms. 


H 


H 

-C 

I 

H 


H 

I 

C 

I 

H 


H H 

H ;C:C : H 
H H 


H 

C— H or C^H, 

Propane 


or 


H H 

H-C C-H 


H H 
11 H 


or C'zHo 
Ethane 


H 11 


H 


H-C-C-C-C— H orC.K,,. 

I I I I Butane 

H H H H 
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The above four hydrocarbons have specia! names related to their 
history and from the fifth member onwards, Latin or Greek numerals 
are used to indicate the number of carbon atoms in the molecule. Thus 
we liave : 


Formula 

Name 

Formula 

Name 

CH4 

Methane 

CrHifi 

Heptane 

CoHo 

Ethane 

QH18 

Octane 

CaHft 

Propane 

CjjHou 

Nonane 

C 4 H,o 

Butane 

CiyHoe 

Decane 

CjHio 

Pentane 

CiiHo^ 

Undecane 

CHu 

Hexane 

CiaHog 

Dodecane 


and so on. 

The homologous series formed by the saturated hydrocarbons is 
represented by the general formula CnH2,i-i 2- The hydrocarbons may be 
of straight chain or branched chain type. The hydrocarbons with straight 
chains are termed normal (or «-) hydrocarbons. Thus 

CHa—CHa — CH3 — CH3 is M-butane, and 

CH;, — CHa — CHo — CHa — CH3 is n-pentane. 


The hydrocarbons with branched chains are called iso-(or secondary) 
a- d neo*(or tertiary) depending upon whether there are two or three 
b: .mched chains attached to the same carbon atom 


Thus 


CH3 


\ 


ch/ 


CH. CH., is /robutane 


CK3X 

and CH,— ^C. CH3 is wcopeniane. 

CH,^ 


The 1 U.C system, which is used for naming higher alkanes, consists 
in selecting the longest chain of carbon atoms in the molecule and 
niiinbcring ihc-m in >uch a way that the carhon otom.^ carrying the chairts 
have the least possible numbers, e g., 

5 4 3 2 1 

Cll CH2CH0.CH.CH3 is 2 -methyl pentane 

c'h3 


Hid 


.s 4 3 2 1 

CHvCHo.CH. CH. CH3 
I i 

Cdl 3 CH, 


is 1 -methyl, 3 -ethyl pentane. 


It !n.i\ he emphasised ih.il in l.U.C. system, iso-i\nd neo-prefixes are 

i"l list'd. 

Occurrence. The parnlTins occur in large quaniilies, in nature. Afarsh 
"(75 issuing out from mar.>hy places consists mainly of methane. Natural 
[irn-r and 1I10 gases from oil wells in petroleum regions are mixtures of 
.lower parallins. mainly meiliatie and ethane. Crude petroleum or mineral 
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.Cl. ........... ... - “ 

unsaturated hydrogen is passed over linely 

ssj .s.r.rs‘.£'."™r."..".'. . ...•••■- 


ie.x.*) 


€.g 


CH2 =CHj + H 

Ethylene 

CHsCH + 2Hs 

Acetylene 


CjH, 

Ethane 

CuH. 
Ethane 


tion of paraffins on an in usf Alkyl halides may be con- 

methods such as • 


fi) Reduction with nascent hydrogen. 

tZn-Cu/HiO) 

RX + 2H — • 


eg 


CH.l + 

Methyl iodide 

QH;Ur ‘ 2H 

Ethyl bromide 


CH^ 

Methane 

CM.: -t- 

Ethane 


-r HX(^?--v..?-) 

4- Ml 


..cent :;::::::o.u:ned by ... aco,, Ot r.„... on 

Ta'alync ,<.,ucUon. .-..Uadiun, ,s used as a caraUs.. 

RX + H. ^ KH HX ,v„g.) 


e.g , 


C.,H,1 H' H, 

Ethyi iodide 


C^H.; 

Ethane 


4 • 


HI 


,ydrogen:::r-ionisprodueedbv.beae.,onor.,nonbydro. 

(Hi) Reduction ^ath ^oncentrot^ a sealed 



— ..-iSiTax;,. "• 
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+ I 2 
Ethane 


150 ^ 

RI + HI — ^ RH + I, (g,—0x.) 

e g., CgHgl -f HI 

Ethyl iodide 

Reduction with HI is usually carried out in the presence of redJ 
phosphorus which helps in the regeneration of HI from the iodine formed, 

2P + 34 — ► 2PI3 

PI 3 + 3H,0 — H3PO3 + 3HI 

phosphorus mixture, provides one of the mosf 
ejjective reducing agents in organic chemistry. 

alcohol reductioD of alcohols. Instead of an alkyl halide, an 

redohLnlnrf and reduced by heating with hydriodic acid- 

ofako^^^ reiction is the conversion, 

hydrocarbon ^ reduced further to give the- 


ROH 4- HI 


P(I50-) 


e.g.. 


R[ -f- HI 

CoHjOH + HI 
Eihyl alcohol 

C,H,I H 
Eihy iodide 


P( iso'll 


RI -r HjO (g—ex.) 


HI 


RH + I, 
C.H,! 

Ethyl iodide 

C,Hfl 

Ethane 


+ H,0 

4- I 2 


Aldehydes, ketones or 

ponding parafibh ^ by /t\{irio<h'c acid and red phosphorus to the corres* 


K CHO + 41U 
•Aldehyde 

CH:;CHO + 4HI 
Acetaldehyde 

K.CO R + 4HI 
K-.'tone 

‘ . <- H,, CO.CHa + 4111 

Acetone 

K.COOH -f- 6H1 
Fatly acid 

< S’ , CH 3 .COOH 4- 6F1I 
Acetic acid 


P(150®) 


P(I50 ) 


P(li0’) 


P(I50-) 


P{200^) 


R.CH 3 + HoO + 212 (.yg.) 

CH 3 .CH 3 + H 20 + 212 
Ethane 

R.CHa.R + HgO + 2U {v.g.) 


CHa-CHa-CHg + H-O + 2I2 
Propane 

RCHa + 2H2O + 3I2 

CH3.CH3 + 2H2O + 3I2 
Ethane 


T bis method gives very good yield particularly in case of higher paraffins. 

an afw i reaction. In this method, an ethereal solution of 

iin aiK)i halide (prelerably the bromide or the iodide) is treated with 
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sodium which removes the halogen of the alkyl halide and the two alkyl 
radicals join to give a higher hydrocarbon. 


R X + 2Na + X R ‘‘[ill'’" R-R + 2NaX 


e.g; 


CH3 Br ^ 2Na - Br CHj 
Methyl bromide 


Ethane 


2NaBr 


For preparing higher hydrocarbons will, odd number of carbon atoms 
(such as propane, penlane, hepiaoe), a mixture of two different alk>l 

halides may be taken. Thus, 


R X + 2Na + X R' 

e.g., CH 3 Br-:- 2Na BrCaH,, 

Methyl ^ 

bromide bromide 


R-R' -f 2NaX 
C,H« 4- 2NaBr 

Propane 


But in this case, in addition to the desired paraffin RR'. the paralhiu 
R-R and R'-R' are also formed : 

2RX : 2Na — »• K-R ■' -NaX 

2 R'x -f 2Na — ► R'-R' - 

The Wurlr synthesis 

hydrocarbon from a lower one. bor t\ampi^. nie 

into ethane takes place as shown below . 

ru 4- CL — ♦ CH,Cl T- HCI 

Mcmanc ' Methyl chloride 

2CH3CI -t 2Na — *• QH 4- -NaCI 

Mclhyl iodide 

u 1 /V carried oul using Other meiaU like Ag, Cu, cic, ^But 
Na r"s^«n''°FeMh^fwurrSc:ion gives best yields in case of preparahon of 

paraffins containing even cirbon atoms. 

(6) By heating sodium salt of a fatty acid with soda lime . 

R COONa -f NaO H — *■ NanCO;, 

CHaCOONa t NaOH 

Sodium acetate 

In this case, the carboxyl group ofthe acid is split otV as^^t^^ 

This process of eliminating carbon dioxide Irom a carboxylic acia 

known as decarboxylation. 

This method works wet, only in case of ^odmm L"re ‘Sm.e^ '"^F^r 

h'^v^e ?Oakwood ,.>50) 

NaOH 

C M COONa — ^ CjHe + CH4 + Hg 

t-alis'-oc/i + unsat. hydrocarbonb 

mixrurc'of sodiliinliydroxidc and quickiimTTcaO). Sodium 

noised as it is deliquescent and easily fu.bte. 


c-g- 


CH, 4- NajCOj 

Methane 
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(7) From Grignard reagents. Grignard reagents are easily decom- 
fposed by water into the paraffin and a basic magnesium salt. 

RMgX + HOK — ► RH 4- Mg(OH)X (g -v.g) 

e.g., CHa-Mg.I -f HOH — CH 4 Mg(CH 3 )I 

Methyl mag. Methaoe 

iodide 

( 8 ) By the electrolysis of the alkali salts of fatty acids (Kolbe’s 
electrolytic method). Moderately concentrated solution of sodium (or 
potassium) salt of a fatty acid is subjected to electrolysis to yield a 
paraffin. 

2RCOONa — ► 2RCOO“ + 2Na+ 

2 H 2 O 2H+ -h 20H- 

At anode : The negative acid radical ions go to the anode where they 
decompose into carbon dioxide and a paraffin. 

2RCOO' — ► ( 2RCOO ) — » R-R + 2 CO 9 

I ' Alkane 

At cathode : The H*" ions (furnished by small ionisation of water 
move towards the cathode, and are discharged giving hydrogen. 

2H+ + 2e 2H ► H, 

Thus, sodium acetate on electrolysis gives ethane. 

2CH,COONa + 2 H 3 O — ^ CH3-CH3 4- 200^ + 2 H 2 + 2NaOH 

Sod. acetate Ethane 

This method is excellent for preparation of hydrocarbons beyond 
hexane. 


(Methods numhered /, 5. 8, are not applicable for the preparation of 
methane). 

General Properties of the Paraffins, (a) Physical Properties. The 
paraffins Irom C, (methane) to C, (butane) are colourless, odourless gases, 
tlio'^c from C- to C,; are colourless highly volatile liquids with a 
* beo/inc" odour while the higher members are colourless non-volatile 
soiiJ>. They are practically insoluble in water but are freely soluble in 


tirgaii 


ojvcnts like ether, acetone, carbon tetrachloride, etc. Other 
physical properties such as melting points, boiling points, viscosity and 
spcciru: g;a\ ity increase fairly regularly with increase in the number of 

c.irhon atom--. 


(hi Chemical Properties. As already stated the paraffins are stable 
coniponnds and are apparently unreactive. In recent years, however, 
ihey luive been shown to undergo important chemical reactions such as 
ovid.itiMii. nidation, sulphonation, etc., wider suitable conditions. 

Tire iiioM important reactions of the paraffins are : 

(1) llalogeiiation. It is the process of replacing hydrogen atoms of 
the hv aocarbon by halogen atoms. 
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O ffin. are not aluckej by chlorine m the 
faj Chlorination. Paraffins 

absence of light. of chlorine with methane is bO vieoroub 

... e.p.s,o„ .... c..o„. 

CH. + 2CU — * 


CHaO + Cl, 

CHiCla + C), 
CHCl, + Clo 


Miiooth, the InJrogen 
HCI 


HCl 


HCI 


HCl 


CHi -b Cla *’ Mtih\l chloride 

(or morochioromcnidfie) 

CHXU X 

Methylene chloride 

(or dichloromelhancj 

CHCU -1- 

Chloroform 
(or irichloromcthane) 

Carbon uiracnlonJe 

(or leira-hloroineihan;; 

This process of the replaced of ofom/w/ 

r^r fndiral ) is oall^^ , ,« in the livdrocarbon are not 

',:1; "■■ 

““""i i »—. 

Thus, to the cased - in 

if-Hj— ^C— '■‘CHa ^CHa 

, .he carbon atoms numbered 2, 3 and d. 

B.o,.,.a.o,r, .OU,, s,.,.r . c.orn.a.,on, . 

not SO vigorous. . r,-»rinins has not been success- 

, he origiiwl paraffin. CH.l + HI 

^ * I ^ thr> DrCSCtU'C of Ofi 

rSS5gc-'t:::"’ 

-« 

page 271). 
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general properties 


for 4o‘hours is Ton^^rteTinlo n'^rXxane^ 


QH ,3 
Hexane 


H H- HO NO, 


QH,3 NOa + HsO 
Nitrohexane 


Hass ( 936) and has been succissfu ly erop^?ed fo rTh^ °r developed by 

including methane. In this process, a g? cois mixtut of fh'®!? f hydroeSrbons 
acid vopnm- is passed through a narrow fube at ^o^'^ocarbon and nitric 

at atmospheric pressure to get the corresnnnrfm» * V® mease of methane) 

hydrocarbons. b:cause of their non.flammabnhv hLS ^®'«POund. Of late, nitro 
especially for plastics, rubber, etc. ®P'hly, have found extensive use as solvents 

(3) Sulphonation. It is the nrnc#‘«c of ? 

Mtom by a siilphonic ackl (— SOaH^Proup Like 

has also no action on the lower pfraffins^ H^Jh u acid 

hexane onwards are, however altacked^h^^V “'gher hydrocarbons, from 

vi^., H,SO, + SO3) giving ^ 

CoH,3 H + HO SO,- OH 1 r H <2r» u 

(T7 -d. r p acid 

different conditions as ilfuTtrated ^below^-*^^^* products on oxidation under 

the paraffins are com[$Ietdrox^^^^ oxygen 

the production of a la%eaUu„l of 'vater with 




CH, + 20 


CO2 + 2 H ,0 + 210-9 k.cal. 

carbons results hi th- w>roducffc>n^of°'”^^^*\/^ of gaseous hydro- 

manufacture of I, nlan-rk p in^ i" 'he 

r t - s ink, black paints, etc. 

hi^h pressure 0 30— %0^atmosDire%O oxidation of methane by air under 
nietaHu- oxides, e e ' Cu catalysts (metals 

m tl,e proJuc.ion of methyl' akohol and^formaWehyde™'’^™""'"’ 


(.'H 


O 

Cu or ,\loO 


CH3OH — ► H.CHO 

a/cohol Formaldehyde 


-nn-larly. catah,.. oxidation of ethane yields acetaldehyde and acetic 

years tli'^p^o^Iuction of achievements of 

(ii,!' crniiainitiu six or mofr* o-trhnn* •' - hydrocarbons from the para- 

invse-KeofcaUlvMs " of heat in the 

■ cne .’^'’he ''rtaVtTon''!nvcuirrl°h^a^ bsn- 

'^a(ion). } dilation and dehydrogenation (aroniali- 
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CHj 


H>C 


HaC^yCH., 

CI-I-. 

/i-Hexaoe 


— H. 


CH* 


CycUsation HX^^CIIj 

CH. 

Cyclohexane 


Cr^Oj ai 460' 
— 3H. 


CH 

HcJcH 

CH 

Benzene 


(6) Thermal decomposition or cracking or . yrolysis. The thermal 
decnmnosilion of organs compounds, in general, .s termed /)yro/y5/y 
(pyro 5 ^=heat} and, when applied to paraffins, pyrolysis is known as 
<Sing When heated to about 400-700\ the paralhns break up into 
two or more smaller molecules the products depending upon the siruclurL 
■of the paraffin, (he pressure under which cracking is carried out, and the 

presence or absence of a catalyst. 


For example, 

CaHs 

Propane 


460° 

Pyrolysis 

Pyrolysis 


Octane 


r 


r 

1 


C3H.. 

+ 

H-. 


CaH, 

f 

CH4 

55% 


+ 

C4H. 



4 - 

CaH 4 


QHio 

+ 

CH4 

+ C2H4 + c 

CaH,e 

+ 

Ha 



This process of cracking is extensiviyemp^a m 

oils into gasoline or petrol (see chapter XIX) 

individual members 

METHANE, MARSH GAS, CHi . u .u 

,uon^ i« the orincipal product obtained by the 
Occurrence ^e ha in swamps and 

putrefaction ° ^ There the gas is set free by the 

marshes, hence f‘'- sludge fermented by bacteria yields a gas which 

action of methane ^ It also occurs in coal mines where it 

contains about 70 /o , • ' . explodes violently and hence the 

™i,es with .“".JP u by coal miners (feuer, firo ; dan,p. vapour), 

name feuer damp gtven y ^ I petroleum regions contains 

The issuing from^tji^^ 

dSation%''f Tood and coal respectively contain large quantities ol 
methane. 

Preparation. 

. i'll Methane is conveniently prepared in the 

'• ol' ‘used sodium acc.ato (1 part) and 

‘fda”i‘r( 4 '^pam) in a hard glass lube. The gas is collected over water 

(Fig. 1). 
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Fig. 1. Preparation of Methane 

di) Pure methane is obtained readily by the reduction of methyF 
iodide with nascent hydrogen (obtained from zinc-copper couple and 
alcohol or water). 

Zn-Cu 

CH;;l + 2H — ► CH 4 + HI 

alcohol 

The apparatus used Is shown in Fig. 2. 

About 25 gm. of pure granulated zinc is immersed in a dilute solution of copper 
sulphate for some time till the zinc gets coated with a film of copper r/je r//ie- 
copper couple. The couple so obtained is washed repeatedly with water and finally 
with alcohol. It is placed in the fla^k as well as in the U-lube. 



;rNC - COPPER 
COUPLE 


Fig. 2. Preparation of methane. 

A miMiirc of methyl iodide and 95% ethyl alcohol is placed in the dropping 
funnel and allowed to trickle down gradually. The nascent hydrogen produced by 
the action of iho zme of the zinc-copper couple on ethyl alcohol 

2C.H-OIl-fZn — (C 2 H 50 ) 22 n-F 2 H 
reduce-^ the methyl iodide, in cold, to give methane which is collected over water. 

The couple placed in the U-tuOe removes any methyl iodide vapour coming along 
ill. methane. 

(2) Pure mclhane can also hi prepared by the action of water on 
incth>l magnesium bromide (see general methods of preparation). 

(3) Another convenient method is by dropping water on aluminium 
carbide. 


A) 4 C 3 -r I2H*0 


4A1(0H)3 + 3 CH 4 
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Ni 

CH 4 

4-?5- 

CH» + 4 CU 2 S 

Ni 

CHi H.,0 

300 

NiCOi 

CH* + 3COj 

250 275 



SATURATED HYDROCARBONS 

u* ■ ^ hnuever is not Pure and contains hydrogen and 

The gas obtained, howeNcr, t 

acetylene as impurities. 

* . • .c cik/^n D *% 

Older methods for the synthc 

c :h. 

CSo - 2HiS : 8 Cu 
CO - ?H-2 

CO + 

a^enowonlyof«i^c,r^^»''«.■-■«^ ^ colourlebs odourless, nou; 

Physical —164 at 1 atm. pressure and at 12 

poisonous gas Vy ‘^“^ospheres. It solidifies at -184' It is only 

sligMly%'’orubi;in 'voter but Ts freely soluble ,n organ.c solvents hke 

ether, acetone and alcohol. chnroctcr and is not 

Chemical 3,50 inert towards oxidising agents 

of methane are • combustible nas and burns in air 

or oiiien"rra'?o‘:^t, ii^r name forming c.^on dioxide and water. 

CH, 20, — ♦CO. 211 A 1 

^ . 20, — H.CHO H,0 20, 

Since formaldehyde has a characteristic smell, this oxidation leac.ion 
is used to detecl ^ 3 ,, be chlorinated, brominated and 

,odinaiUuntf“le conditions to give substitution products (r/. 
general properties of para b.,e,b 3 ne can be converted into iiitro- 

\?rpour P^c 'titration (</. general properties). 

" DLmposition. When passed through a red hot tube, methane 

decomposes into\-arbon and hydrogen. 

CH4 


C i 2H. 
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INDIVIDUAL MEMBERS 


(6) Action of Steam. A mixture of methane and steam, when passed 
over nickel supported on AljO? at 725®, gives carbon monoxide and 
hydrogen. 

Ni 

CH4 - HoO — CO -r 3H, 

720' 

This reaction is used for the industrial preparation of hydrogen. 

Uses. Methane, available in large quantities as natural gas or produ- 
ced by the bacterial decomposition of sewage, is now-a-days put to a 
variety of uses, more important of which areT 

(1) Manufacture of carbon black which is used in making printer’s 
ink, typewriter ribbons, black paints and in rubber industry for motor 
tyres to improve their strength and wearing qualities. 

(2) Indus! rial production of hydrogen hy reaction with steam. The 
carbon monoxide is eliminated by usual methods. 

(3) Manufacture of methanof formaldehyde, methyl chloride, etc. 

(4) As a fuel. 

StTucliire of Meiliane. (I) The quantitative anal)sis of methane shows that its 
molecular formula is CHi, 

C) Mclh.ineyivcs only one mono chloro or niono-bromo or monohydroxy or 

;my other mono subslilution product which imheates ihat all the four hydrogen atoms in 
f/.v molecule are similar. 

riv.j.s methane can be assigned the following structure i 

H 

I 

H~C— H 

I 

H 

!! all the four bsclroiren atoms along with the carbon moms are in one plane. 
iV' taarc '•houkl give luo di,.hloromethanes, i/r , 

H H 

H-C-Ci Cl— C— Cl 


that methane 

(4) Methane is now known to have tetrahedral sirucuire uith the carbon atom 
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Ivinc at the centre of a regular tetrahedron and the four hydrogen atoms placed at 
corners (Fig. 3). In this formula, all the hydrogen atoms are symmeincally arranged 
in space and are exactlv identical and thus justify the existence of only one dicnloro- 

methane. 

The space model of methane is shown in Fig. 2 (page 244) the shaded spheres 
represent hydrogen atoms. 


ETH.ANE, QHa 

Occurrence. Ethane occurs along with methane in natural gas and 
the gases from the oil wells. Natural gas contains abnut 10—20% ethane. 

Preparation. 1. I.aboratory methods, (a) Ethane is prepared m the 
laboratorv bv the reducii'm of e(h)l iodide with nascent hydrogen. 


C.Hd 2H 


;?n-Cu/aIcohol 


CoHc + HI 


The apparatus and the experimental details arc similar to those for 
the preparation of methane {c/. Fig. 2). 

/b) Ethane can aEo be prepared in the laboratory by the electrolysis 
of sodium or potassium acetate solution. The acetate ions are discharged 
at ihc anode giving elhanc and carbon dioxide . 


2CH3COO" — ► CH3— CHa 

Ethane 


2COo 




Carbon dioxide is absorbed by KOH solution and ethane is collected 
over water. 

The apparatus used for the electrolysis is shown in Fig, 4. 


f f THAt.a 





POTASSIUM ACETATE SOLUTION 

Fig. 4. Preparation of ethane b> cIcctro’.VMs. 

Hrcc amounts of ethylene are no 

2. Preparation. S cKrg^^ obtained on ai. 

available from the cracking ol I’ , ■ ^ of ethylene (Sabatier- 

industrial scale by the catalytic reduction 

Senderen’s reaction). 


ilOW 

an 
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STRUCTURE OF ETHANE 


Ni 

C,H* -f Hg — ► QHe 

Etbyleoe 200^ Ethane 

4 

3. Ethane can also be obtained by any of the general methods for 
the preparation of paraffins. 

Physical Properties. Ethane, like methane, is a colourless, odourless 
and tasteless gas but can be liquefied more easily than methane. Liquid 
ethane boils at — 89® and solidifies at — 172®. It is practically insoluble 
in water but dissolves freely in alcohol and other organic solvents. 

Chemical Properties. In chemical properties, ethane closely resembles 
methane. Reagents like sulphuric acid* nitric acid, potassium permanga* 
nate, etc., ordinarily have no action. Chlorine and bromine readily attack 
ethane giving substitution products. All the six hydrogen atoms can be 
successively substituted by the halogen atoms. 

Ethane does not find much use in industry. 

Structure of Ethane. (1) Eudiometric analysis shows that the molecular formula 
of ethane is C 2 H 5 . 

(2) The two atoms of carbon must be linked directly because the union through a 
monovalent h>drogeQ atom is not possible. Assuming tetravalency of carbon, the only 
possible structure for ethane is 

H H 

i I 

H-C — C— H 

I 1 

H H 


This view is confirmed by its synthesis from methyl iodide by the Wurtz reaction : 

H H H H 


H— C— 

I 

U 

Mcthvl iodid*-- 


I , 2Na 


H 

I 

I — C— H 

I 

H 


H-C— C— H 
I I 

H H 
Ethane 


(?) Ai^ain the structure is not nionoplanar. Ethane consists of two tetrahedra joined 



Fig. 5- Tetrahedral structure and spaca model of ethane. 


SATURATED HYDROCARBONS 

The shaded spheres represent hydrogen atoms. 

Conversion of Methane into Ethane . r ,, 

The conversion of methane into enthane may be represented b> the follott me, 

equations : 

Controlled 
Cli 

halogenatjon 

Wunz 
2Na — ► 

•ide reaction 


(0 

CH4 

Eihane 

(ii) 

2CH3CI 

^ 4 


CH3.CI + 
Methyl chloride 

CaHs - 2NaCl 
F-ihane 


HCl 


C,He 

Ethane 

O 


CH 3 COOH 
Acetic acid 


CHaCOONa 
Sodium acetate 


organic chemistry, 


Conversion of Ethane into Methane . 

The conversion of eihane into methane is represented by the following equations . 

C H Br C.H,OH 

^ E^h” bromide E'l'Vl alcohol 

O NaOH 

CHsCHO — > 

Acetaldehyde 

Soda lime 
— ► CHt 

Methane 

Isomerism in Paraffins As "ha.V o"ne^ compounds 

the same molecular formula may su chemical proper- 

^o^nt\lte”diifmencl^n'ffi\^^Uuc',u'r’e^s‘‘™f 

■""The first three members of the paraffin scries, vL-., melhaue, ethane 

STc be .ar fmm .he 

.hr. ct^on ca^n 

rTs :ecV"a&d .0 two other carbon atoms), as shown below : 

H H H ^ 

1 ^ u 

H — C — C — C— H 


FPIMARY CARBON ATOM 


H H 


\H 


__ SECONDARY CARBON ATOM 


. u rshtfiined bv adding the fourth carbon atom at 

Therefore, the butane .g. ^ butane obtained by adding 

the P“*' '“"econdar/^l as shown below, the thick bne 

J^pres^nUn^g .^e‘=boX"g o/.h^ fourth carbon atom : 



272 


ISOMERISM IN PARAFFINS 


H H H H 

till 

H— ’ C— -C— ‘C— H 

till 

H H H H 

»J-Butane 


H 

1 

H— C— H . 

H I H 

I I I 

H— C C* C— H 

I I ! 

H H H 

/f<?-Butane 


Both the butanes are known ; the boiling point of /7*butane is —0*5° and 
that of /jO“butane is —12°. 


Further, in normal butane, the end carbon atoms (1 and 4) are 
primary and the middle ones (2 and 3) are secondary. In /^o-butane, the 
end carbon atoms are primary while the remaining one (marked with an 
asterisk) is /■ e., attached to three carbon atoms. Thus, normal 

and isobutanes together contain three types of carbon atoms, v/r., primary, 
secondary and tertiary and, therefore, three different pentanes are 
expected according as the new carbon atom is attached to a primary 
or a secondary or a tertiary carbon atom of butanes, as illustrated below : 


H 


i: 

« 

J * /' 

J » V. • 

I 

il 


n 

I 

c 


c: 

H 


H 

I 

C 


M ‘I 


H 

I 

C 

I 

H 


li 


• r 


H 

I 

C H 
» 

M 


H 




H H H 

I I 

H-C- C- C-H 





H 

■ \ 
H - C-H' 
( 

H 


V 


I I t I 

H-C - C- C- C-H 

1 I I I 

H H I t-f 
H- C -H 

t 

H 


H 

H-C-H 
H I H 

1 f 

H-C-C-C-H 

' , * 

H I H 

H-C-H 

I 

H 


! .1 Uii.v. (b. p, 360) /io-Penianc (b.p. 28°) npo-Peotane (b.p. 9'4°) 


.< 'i'.c tiiree pentanes are known. 

11 h the increase in the number of carbon atoms, the number of 
. . . .crs goes on increasing. Thus, there are 5 hexanes, 9 heptanes, 18 
'. v lanes. 35 nonanes, 75 decanes and so on. But in most cases very few 
• 1 them have been actually prepared and studied. 


SUMMARIES OF TYPICAL MEMBERS 

SUMMARIES OF TYPICAL MEMBERS 


Preparation. 



Sodi urn acetate 
CH 3 COONa 


Reduction with HI/P 


Reduction Nsith 
nascent hydrogen 

Distil with soJulimo 


Grignard reagent 

cri;,. Mg Ur 



Aluminium carbide 
AI,C:; 



Warm with water 


Water 


Properties 


Combustion 


CO > ' 


Methane 
f H4 


Oxidation with ozone 


Vapour phase nitration 

475 *^ 


Caluiytic oxidation 
Cu or MoO 

Steam. (Ni. 725 ) 


l-ornialdrhyde 

IlCHO 


>:itrometlv.ine 

CHjNOa 


Methanol, 
formaldehyde 

CH OH. HCHO 


CO + H 2 


Decomposition (lOtK)*) 


Chlorination 
diffused sunlight 


C 4 211. 
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QUESTIONS 


2. PREPARATION AND PROPERTIES OF ETHANE 

Preparation. 

Reduction with HI/P 


Reduction with nascent 
hydrogen (Na + CgHsOH) 


Elhyl alcohol 
CaHjOH 


Ethyl iodide 

CgHgl 


Sodium propionate 
CjHjCOONa 


Grignard reagent 
CoH^MgBr 


Pot. acetate 
CHjCOOK 


Distil with sodalime 


Warm with water 


Eiectrolvsis 


Ethane 

CaHe 



Na metal in ether solution 
(Wurtz reaction) 


Propertie*;. 


Catalytic oxidaf’on 
Cu or MoO 


Acetaldehyde, Acetic 
acid 

CHrCHO.CHa COOH 


Combustion 


Vapour phase nitration 


Chlorination 
(diffused sui 


QUESTIONS 

K 'a v.rc hjdrocarbons and how arc they classified ? 

n. SLi ibc ilie general methods for the preparation of saturated hydrocarbons. 
I' ' i iiiv.ant by substitution reactions? 

D.-scribe four methods for the preparation of paraffins. Explain under what 
<n litlons the paraffir.s react with (i) halogens (//) nitric acid (m) sulphuric acid 
'm , L. \yg-.‘n. 

4. Write short notes on : 

(1) Vapour phase nitration of paraffins. 

(2) Aromatization. 

(3) Cracking, 


CO2 + H2O 


Nitroethane 

CgH^NOe 


CsHfiCl.CjHiCl. 
C2CI0 
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5. How is methane prepared in the laboratoo'?^ Linder what conditions can it 
■be (0 chlorinated (/<) nitrated (m) oxidised into methanol . 

fi How is nure methane orepared in the laboratory? Explain how can it be 
converted into (/) ethane (ii) methyl alcohol (m) formaldehyde (ii) mtromcthane . 
How has the structure of methane been established . 

7. Give the methods for the preparation of ethane. How does it react with 

halogens? . 

8. Describe the picparation and properties of methane. To what uses is i pu 

9. \Vliat is mean, by Isomcrhm^ Discuss ihc isomerism of butanes and 
pentanes. 

10. 

Methane a saiuiatwu . . 

11. “Methane is a sati/ra/etJ conwound and all the 

cule are e«7n/Vo/e/»/”. Justify the above statement. ' ' ’ , . nn • 

12. Discuss (giving cqualions and names of .he producs) .he acen of .va.er . 

(0 Aluminium carbide. iPa»iah Inier l•^49) 

(ii) Magnesium ethyl bromide. Kvr.tm- 

13. Describe any three methods for the preparation of 'l95l) 

carbons. u j . k n« 

14. Describe the general methods for the preparation ol %60) 

15. Give the structural formulae of the first foe alkanes and de\etop the idea of 

chain isomerism. j 

16. Give general mod.ods of preparation and fWi) 

discuss the isomerism of butanes. '■ , ,h,« 

17. “All the four valencies of carbon are alike". Cher a /o6/) 

statement. 

18. Fill in the blanks : 

Alkanes are highly compounds. „a,v..ihor 

Wurtz's reaction consists in m the presence s'f me a i linked 

Primary, secondary and leriiany carbon atoms are tho.^c svhich arc hnked 

, and carbon atoms respectively. 


(0 

( 11 ) 

(Hi) 


(iv) 

(V) 

(vi) 

<v»7) 


Alkanes show a type of isomcrism known as— isomerism. 

The vapour phase nitration of methane yields . 

Ethane can be in the presence of diffused siinlight to yield 

A mixture of and has been extensively used for reducing 

alkanes. 


CHAPTER XXVI 


UNSATURATED HYDROCARBONS 

(ALKENES OR OLEFINS) 


Unsaturated Hydrocarbons. These are compounds of carbon and 
hydrogen in which all the valencies of carbon atoms are not fully satisfied 
by hydrogen atoms. There are two main types of unsaturated hydro* 
carbons, namely the alkenes and the alkynes. Alkenes are discussed in 
this chapter. Aikynes will be taken up in the next chapter. 

ALKENES 

Alkenes are those unsaturated hydrocarbons which contain two 
hydrogen atoms less than the corresponding paraffins. They are also 
known as ethylenes after the name of the first member (ethylene) of the 
series c'r ulelins (as the first member, ethylene, forms an oily product 
with chlorine ; = oil forming). Each alkene contains one double 

bond in the molecule. For example. 


Ethene or Ethylene. CjH,, H — C=C — H or CHo—CHg 


\ 

H H 


H 


Frupene or Fropylenc. C,H,. H— C==C— C— H or CHs=CH-CH# 

I I I 

H H H 

1 yon-,.r,!l formula of the series is Ci.-Ho/,. 

' T he alkenes are named by changing the suffi.x •one 

' - - ,rding alkane by -yleney e.g., 

•'/ '.i 'he alke.n€ Name of the corres- 
ponding alkane 


CH»*=CHo 
( Ha.CH = CH", 
C lla.CHj.CH-CH-I 
CII.>.CH..CH=CH2 


Ethane 

Propane 

Butane 

Pentane 


Name of the 
alkene 

Ethylene 

Propylene 

Butylene 

Pentylene 


' 1. U. C. system of naming the alkenes, the longest chain of carbon 

Hb carrying the ethylenic linkage is selected and the carbon atoms are 
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numbered in such a way that those containing the double bond have tlie 
least possible number, e.g., 

4 3 2 1 

CH 3 .CH 2 .CH=CH.. is 1-butene or butene-1, and 
CH;,.CH = CH.CH 3 is 2-butene or butene-?. 

Evidently, the position of the double bond is indicated by prefiMpa or 
sufiixing the number of the carbon atom preceding the double bond. 

General Methods of Prepration. Almost all the methods of preparation 
of olefins involve the removal of atoms or groups from adjacent carbon 
atoms of a chain resulting in the creation of a double bond. 


a h 

I I 

■C-C 


— ab 


— C = C — 


where ‘a' and '/>' may be the same or dilTerent, The actual conditions 

and reagents required for the removal of ‘u' and 7, depend upon the 

nature of the atoms or groups to be removed. 

The general methods for the preparation of olefins are ; 

1 Dehydration of alcohols. Lower olefins arc conveniently prepared 
in the laboramry by the dehydration of alcohols. Tor exampk. 


H OH 

I ! 

H— C-C- H 

I I 

H H 

Ethyl alcohol 


— HjO 

(H,S04. 170 ) 


CH2=:CH, (/.-g.) 
Ethylene 


H OH H 


H-C— C— C-H 

! ! I 

H H H 
Isopropyl alcohol 


— H2O 

(H. 2 SO 4 . 170^’) 


CH,-CH = CH 

Proykne 


The dehydraling agents used for the purpose are : concemraled 
suiplmric acid, phosiloric acid, zinc chloride or heated atwnma. 

Recent work has established that olefins are produced by the rollowine steps : 
e.e., 0) CHs.CHeOH + H+ (from acid) — >■ CH,.CHeOH,+ 


(«) 

CH 3 .CH 2 OH 2 + — 

CH 3 .CH 2 -f H 2 O 
Ethylcarbonium ion 

m 

CHa-CHs - 

-► CH 2 =CH 8 + H+ 
Ethylene 
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2. Action of alcoholic potash on alkyl halides. When an alkyl halide 
is heated with an alcoholic solution of potassium hydroxide (alcoholic 
potash), a molecule of the halogen acid is eliminated resulting in the 
formation of the corresponding olefin. For Example, 


H Br 
I I 

H-C-C— H 

I 1 

H H 

Ethyl bromide 


KOH ale. 


— HBr 


CH2=CH2 + KBr -r HgO 
Ethyleoe 


H H Br 


H-C-C— C-H 
I I I 
H H H 

Propyl bromide 


KOH ale. 
-HBr 


CH3-CH=CHa + KBr + HaO 
Propylene 


This method is more suitable for preparing higher olefins. In case of ethylene, 
the yield is so small that this method cannot be used in laboratory. 

However, this is a very suitable method for introducting a double bond in an 
organic compound, e.g’.. 




cu 


CHa-CHsCI 


KOH ale. 


CHa-CHa 


— HCI — HCl 

The mechanism of dch>drohalogenation is similar to that of dehydration. 

3. Healing dibaiogen derivatives with zinc. Olefins can be easily 
prep. :rccl bv treating dihalogen derivatives of alkanes, having the two 
hati'gcn atoms attached to adjacent carbon atoms, with active metals such 
finely divided 7inc or magnesium. For example, 


fir Br 


H- C-C-H : Zn 
I ! 

H 11 

1 : 2 Oihromocihanc 


H?C=CH2 >- ZnBfj 
Ethylene 


this leiiiod is seldom used as the v/c. dihalldes are not freely 

( 'mirolled reduction of acetylene hydrocarbons. When a mixture 
•» a.vetylene and hydrogen is passed over palladium or iron or chromous 
!‘U>i ide. h ; partial reduction of acetylene yields ethylene. 


Pd or 

CH^CH ^ H 2 — ► CH 2 = CH 2 (ex,) 

Acetylene Fe or CrClg Ethylene 
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5. Electrolysis of alkali salts of dicarboxylic acids. Ethylene can 
beconveiiientlypreparedbylheelectrolysisorsodiu.il or potassium '.alt 
of succinic acid. 


CHg.COOK 

j 

CH>.COOK 

Pot succinate 


CH^.COO- 
I 2K- 

CHj.COO 

Succinate Ion 


H.O 


2H- 20H- 


A/ anode. 


The negative acid ion goes to the anode and gets decomposed into the 
alkene and carbon dioxide. 


CHa.COO' — 2e 

CHo.COO' 


fCH.COO 'I 

^ I ■ ^ 

tCH.COO J 

unstable 


CH, 

tl 2CO, 
CH., 

l:th\lene 

# 


At cathode. 

The hydrogen ior.s get discharged lioeratiiij hydrogen. 

2H^ + 2e“ — ► 2H — *• H, 

Physical Properties. In physical characteristics, the olefins resemble 
paraffins. The lirst three members arc gases, the next fourteen liquids, 
and the higher ones are solids, fhey are all colourless and odourless 
(excepting ethylene which has a pleasant smellj compounds, practically 
insoFuble in water but freely soluble in alcohol, ether, etc. Other physical 
properties such as melting point, viscosity and specilic gravity increase 
fairly regularly with rise in molecular weight. 

Chemical Properties (I) Additio.i Reactions. Unlike paraffins, the 
olefins are highly reactive compounds, their unsaturuted nature being 

responsible for their great chemical reactivity. This is shown by the fact 

that the olefins readily form addition products with a variety of substances 
such as hydrogen, halogens^ halogen acids, ozone, etc. The addition of 
the incoming atoms or molecules takes place at the double bond yielding 
saturated compounds with the simultaneous conversion of a double bond 
into a single bond". Thus, 

X X 

1 I 

-c~c— 

I I 

X 'I 

1 I 

— C— C-- 


•Tht normal addition of halogens, halogen acids, etc., to the double hood is not 
so simple as shown above. It is a two step process, involving the formation of an 
intermediate ‘carbooium ion’. The complete mechanism is. however, beyond the 
scope of the present volume. The interested reader may refer to authors’ Vol. II. 




— c=c- 


X . X 


-c-c- 


X . \ 
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The addition of reagents like XY HCI, HBr, HCIO) to an 

unsymraeiric olefin, for example, propylene (CH3— CH^CHg), can take 
olace in two different wavs, giving two different products : 


CH -CH-CH> 

Propyleoe 


In aclual practice, the main product is 2 -bromopropane. This is in 
accordance with an empirical generalization known as Markownikoff's 
rule* which slates that 

‘7;i a normal addiiiou. the negative fart of the molecule adding to the 
double bond goes to that carbon atom which carries smaller number of 
hydrogen atoms." 

Thus, with X" propvlene gives, 

Y X 

i \ I I 

CHa— CH=CH« -r X+Y- — ► CH3-CH-CH2 

1 ■ I 


Br H 


HBr 


r 




L 


HBr 


CH3.CH — CH2 2 -Bromo propane 


CH-.CH — CH.» 1 -Bromo propane 

1 

H Br 


( 2 ) Polymerisation. Under suitable conditions of temperature and 
pressure and in the presence of a suitable catalyst, olefins readily undergo 
pc-)lynierisation. 1 c.. two or more molecules combine to give a single complex 

hK'lcculc. 


nX 


(X)» 


\ . r .N.iniplc. ctlulo'tc in the presence of sulphuric acid at high tempera- 
t u i- 1- . iv-cri'Cs 10 give compounds of formulae, CjoH^o, CigHgo, etc. 

('*) OxidiUiim Reactions. Unlike paraffins, the olefins are easily 
. i bv oxidi'-insi agents like potassium permanganate, potassium 

diJuonuic'. nitric acid, etc., giving different products under different 

coiulitions of OMdalion. 


Thus, 

U'iili nlkaline potos<:ium permanganate or hydrogen peroxide^ we get glycol. 

! hs MarkownikofT's rule is not of universal application. Many exceptions are 
Kiiuwn. For instance, addition of HBr to prop>lene in the presence of organic per- 
oxides docs not follow Markownikoff’s rule. 

Peroxide 


CH3-CH=CH2 + HBr 
Propylene 


CH3 CHaCH^Br 
wPropyl bromide 
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r_C=CH2 


HsO + (O) 


H 

I 

R-C-CH 

( I 

OH OH 

OIvcol 


Sind with acidic potassium permanganate^ we eei <widi. 


H 

I 

R— C = CH. -I- H,() + (O) 


H 

I 

R -C— CH 
I j 

OH OH 
GJycol 


(30) 
— HjO 


OH 

R-C = 0 


H-C = 0 

I 

OH 


ETHYLENE, ETHENE, 


CH,. CH. = CH. 


Elhyicnc is the first member of the scries. Methylene (CH^,), 
cxDrresponding to methane, docs not exist in (he free stale and is merely” a 
radical known as methylene radical. 


Occurrence. Ethylene occurs to the extent of about 20 per cent in 
natural gas. It is also present in small amounts in coal gas and wood 
gas. Large amounts of the gas arc obtained by the cracking of petroleum. 


Preparation, Ethylene can be prepared by any of the general methods 
described above. 

Labaratory Preparation. 0) Ethylene is conveniently prepared in the 
laboratory by heating a mixture of ethyl alcohol and concentrated sul- 
phuric acid to about 160- 170' , in the presence of a small amount of 
anhydrous aluminium sulphate. The reaction takes pi. ice in two stages ; 


llO'- 

(i) CJI. OH -1- H HSO 4 i=i C 2 H.HSO 4 -f H.O 

160-170’ 

(ii) QH.HSOi — C 2 H 4 + H 2 SO 4 

The apparatus used is shown in Fig. 1. 

A mixture, consisting of 50 ml. ethyl of alcohol, 100 ml. of concentrated sulphuric 
acid and about 8 gm. of anhydrous aluminium sulphate, is placed in the llaslc and 
about 50 gm. of sand added in order to avo'd frothing. The llask is heated on a sand 
bath to about 170'- when a steady current of ethylene is obtained. The gas so obtained 
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is usually contaminated with 'sulphur dioxide, *carbon dioxide, and vapour of 
and alcohol. These impurities are eliminated by passing the gas successively-througo 
well cooled empty wash bottles (not shown) where the vapours of alcohol and ether 
are condensed and then throuch wash bottles containing a sloution of sodium 
hydroxide svhich absorbs carbon dioxide and sulphur dioxide. Pure ethylene js 
collected over water. 

(2) Another method of preparing pure ethylene in the laboratory is 
by dropping ethyl alcohol into syrupy phosphoric acid heated to about 
220*. The phosphoric acid acts as a dehydrating agent. 

H3PO,. 220= 

C..H-OH C.H 4 

— H :.0 

The rcaciitMi v- continuous and very large amounts of alcohol can be 
deliyJrateJ to give ethylene by a relatively small amount of phosphoric 

;i .!ci. 

Indu'^tri il Preparation. Eiliylene can be prepared on a commercial 
<? 3 le bv I'lc i. Iiowine methods : 

' 1 ; rv. p.l^'■lng vapour of ethyl alcohol through heated tubes con- 
’ai a :i!:::nin i or kaolin. 

Alumina 

C.H..OH » C 2 H 4 + H 2 O 

350 - 400 ° 

1\ By the controlled hydrogenation of acetylene. 

{'') By cracking of petroleum and of lower paraffins present in 
u.sr.jral gas. 

•Sulphur dioxide is produced by the .eduction of sulphuric acid by ethylene and 
carbon dioxide results from the oxidation of ethyl alcohol by sulphuric acid and ether 
is formed by the interaction of ethyl hydrogen sulphate and alcohol. 
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Physical Properties. Ethvlene is a colourless gas having a faint 
ethereal (sweet) odour. It is slightly soubie in organic solvents such as 
ether and alcohol. Ethylene, when inhaled, produces venselessness and 
hence it is used as a general anaesthetic. 

Chemical Properties As already discussed, ethylene is an unsatiiraied 
compound, unstable and highly reactive. The important reactions ol 

ethylene are : 

I Addition Reactions. Addition of hydrogen. In the prcicnce 

ot platinum or palladium catalysis at 90- and in ihe pre^ence 

kideJ nickel catalyst at 200\ eWtylent aids one hydrogen molecule Ic' 

give ethane. 

Ni 

CH2 = CH. i- H. — ► C.Ho 

EihylcDC 200 ' Eihane 

(H) Addition of halogens. Ethylene readily adds chlorine or bromine 
at ordinary tempralures forming dilialogen derivatives. 

CH. — CH., + Br, — ► CHiBr— CHjBr 
Eihylenc Ethylene dihroniide 

Thp reaction can be carried out by shaking ethylene with a solution: 
of bromine in water or in an organic solvent. The red colour of bromine 
fzeis discharged due to the formation ot ethylene dibromide which is 
colourless. The reaction serves as a test for wisantradon. 

Iodine adds on very slowly. Thus the order of renaiviiy of lialogen> 

is Cl . > Br 2 > 

nu) Addition of hydrogen halides. Ethylene readily adds on hydrogen 
halides (HCI, HBr and HI) forming alkyl halides. 

CH>-CHj -r HX — ► CH..CH..X 

Ethylene 


Ethyl halide 


1 he order of ihc reaciisiiy of the halides is the reverse of that of ihe 
corresponding halogens. 1. ,s Hl>HBr>HCI. 

(i-l Addition of sulphuric acid. Ethylene is readily absorbetf by 
concentrated sulphuric acid forming ethyl sulphuric acid (ethyl hydrogen 
sulphate). The reaction involves the addition of sulphuric acid as shown 

below : 


i 

CH2=CH2 

1 



H.HS04 

I 


CH^CHoHSO. 

Ethyl hjdrogcn sulphate 


The ethyl hydrogen sulphate is easily 
give ethyl alcohol. 

C^H^HSO, + H OH 


hydrolysed by 

CjH.OH 
Ethyl alcohol 


boiling water to 
+ HoSO, 
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Thus, ethylene call be easily converted into ethyl alcohol. Large 
quantities of ethyl alcohol are now-a-days prepared from ethyleM 
(available from coke oven gas or produced by cracking of mineral oils) by 

Ki I s w I ij Cl • 


Since the alkanes are not absorbed by sulphuric acid while thealkenes 
are, the reaction places at our disposal a convenient method of separating 
alkanes (paraffins J from alkenes (olefins). 


(v) Addition of water. Ethylene directly combines with water in the 
presence of cataysts such as aluminium oxide, to form an addition 
product, yielding ethyl alcohol, at hw temperatures and high pressures 


CHn = CH., 
Ethylcns 




H,0 


AlaOg 


CH3CH0OH 
Ethyl alcohol 


;n P'‘‘-'>cess has gained a good deal of popularity 

in the U.S.A. for the manufacture of ethyl alcohol from ethylene. 

rn) Addition of hypochlorous acid. Ethylene lakes up hypochlorous 
acid from aqueous solution forming ethylene chlorohydrin. 


CH,. OH 

II I 

CH, Cl 

Etliylene 


CH,OH 


CHoCl 

Eth>Iene chlorohydrin 


fv;/; Addition of ozone. When ozonised o.xygen is passed through a 

so lulion of eth>Ieiic in some inert solvent (/.c., a solvent which is not 

attacked by ozone, such as carbon tetrachloride, ethyl bromide, etc.) at 

low temperatures, o/one adds across the double bond forming ethylene 
^^20 ri I oc • 


H2C = CH. -1- o 


H.C'^ \ 

■| 

o 


CH-. 


o 


Ethylene ozonide 


aldeh hydrolysed in the presence of zinc dust to yield an 


Zn dust 

CH, 4- H.,0 — ► HCHO J- HCHO 4- HgO, 


‘1 

O Q 

* 

-Jo^ubir^Td fu'roto'fir 


ethylene 
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{vili) A special addition reaction of ethylene is the formation of ‘mustard gas' 
bv interaction with sulhur monochloride. 


H,C=CH2 


HX=CH> 


+ S^Clj 


CIHgC — CHi 

- S 

CIH2C — CH2 
Dichloro diethyl 
sulphide 
f Mustard gas) 


Mustard gas is highly poisonous and is fatal even in very small concentrations. 

n Oxidation Reactions. Because of the presence of a double b^nd, 
ethvlene is verv readiiv attacked by oxidising agents giving different 
products under dilTerent conditions of oxidation. For example, 

ni With alkaline potassium permanganate. Using 1 per cent aqueous 
^nliition of DOtassium permanganate made alkaline with sodium carbonate, 
ethvlene gives ethylene glycol. The process involves the addition of two 
(OH) groups which are derived from a molecule of water and an oxygen 

atom supplied by the permanganate.* 


CM 


+ H..O -1 O 


CHs 

Ethylene 


Alkaline 


KMnO, 


CH.OH 

CH..OH 
Ethylene glycol 


fa) With hydrogen peroxide. On warming ethylene in acetic acid 
solution with hydrogen peroxide, the end product again is ethylene glycol. 


CHj 

II 

CHe 

Ethylene 


H,0 


80-100' 


CH.OH 


CHjOH 

Ethylene glycol 


^^ralsil^peTm^ngrare d^ctomate. ^thy.eae gives formic acid. 


4(0) 


H.2C = CH2 

Ethylene 


2H.COOH 

Formic acid 


, , ^ f. vvhf^n burnt in air or when treated with concen- 

tratld nitric S ethylene is completely oxidised to carbon dioxide and 

water. 


C 2 H 4 1 30-2 


2CO* + 2 H 2 O 


NajCOa 


2KMn04 -i HjO 


2KOH + 2Mn02 ; 30 
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(v) Willstatter and Bommer got formaldehyde by air-oxidation of 
ethylene. 

Air 

H2C=CH2 4* O 2 — ► 2H CHO 

(vi) Ethylene is oxidised to ethylene oxide, when ethylene and air 
mixture is passed over Ag catalyst heated to about 400®. 

O 

Ag /' \ 

CHa^CHo + iOa CHa-CHg 

Ethylene oxide 


III. Polymerisatioo. In the presence of sulphuric acid or zinc chloride 
and at high temperatures ethylene polymerises to give higher olefins. 

H2SO4 or 

X- QH4 — (CoH*)* 

ZnCla 

Thus, liquid hydrocarbons of formulae CioHjo, CigHao. etc., are easily 
obtained from ethylene by polymerisation. 

Similarly, liquid ethylene^ when heated with a small proportion of 
oxygen (catalyst) at 200—400® under a high pressure of 1000— 1200 
atmospheres, yields a high polymer known as polyethylene. 

Catalyst 

(CH,-CH8>n 

Liquid ethylene Polyethylene 


Detection of Ethyicnic Linkage. The presence of an ethylenic linkage, 
that is, a double bond, in a molecule can be detected by the following tests ; 

(1) Baeyer’s Test. The compound is shaken with 1 per cent aqueous solution 
of potassium permanganate made alkaline by adding sodium cart^nate {Beyer's 
Reagent). The violet colour of the reagent disappears rapidly 

(2) Addition of bromine. The compound is well shaken with a 5 per cent 
solution of bromine in carbon tetrachloride. The red colour of bromine is discharged. 

It is important to note, however, that 

(i) Both the above tests are also given by compounds containing a 
triple bond and hence these tests can best be called as tests for unsatu- 
ration. 

(iij The tests arc not applicable to the compounds containing a 
group or groups having reducing properties. 

Uses. Ethylene is put to a variety of uses as shown below : 

(1) Large amounts of n/cp/»o/ are now produced in U.S.A. by the 

catalytic hydration of ethylene. (2) Oxy-ethylene flame is now replacing 
the o\y-acetylene flame (for welding purposes) because of the safer 
transportation of ethylene. (3) Large quantities of the gas are used in, 
the manufacture of polyethylene which is finding extentive use as an 
insulator and also for the preparation of some laboratory ware, etc. 
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( 4 ) Ethylene is finding immense use in '• ^/“e'se^ce of 

o/gr«K/r»(r 5 like develop their 

ethylene (1 part in ^ . In recent years, ethylene has replaced 

si":°:»32 «> .< 

™'"si««^o"rE. 1 .y 1 ci.« (L) The ynylylicyl daiy yho* .hat IKe nK>l«ylyr foratala 

of ethylene is C1H4 „ he linked directly because the union through 

following three sirur— "ossible . 

H H 
1 I 

H-C-C 

I 

H 

0, EthylL co.nW^-hl-h,^ine « emy.cn. dichicride. C.H.C. 
two possible structures for C0H4CI3 will cvmcnny 


H H 

1 1 

-C- C— 

H H 
1 1 
c=c 

1 1 

H H 

1 1 
H H 

(ID 

(HI) 


The 


H H 
I I 

H-C-C-Cl 
I I 
H Cl 


and 


H H 

I I 

ci-c-c-ci 


H H 


i.e„ 


Cl 


CHjCH. 

^C1 


< 

(A) 


CHXl.CHjCI 
(B) 


ch3Ch<^^^ + nocij 


.4, The compound with s.ructurc (A) can be obtained from acetaldehyde by the 
action of phosphorus pentachlondc. 

CH3.CHO + PCli 

This compound boils at 58 ^ 

\ r H Cl, obtained from elhylcnc boils at 84 . This shows 
a^it^'t’lic cMo"rde""obS ‘Ethylene cannot have the structure A wz.. 

CH,CH<^' ■ 't '• 

Mil cthvlcnc possesses two “free’- bonds which 

(5) According to compound, such 

enable it to form addi ion product . ^I tn valencies 

t^CHnCl.CHa-. should ^ POSsiMe^ at a lime. But no such 

can exist indcpenently of each ethylene with chlorine always gives a 

dThTge^^d<^;iva^ivc"c■ hIci. This rules out structure I|. 

,?f<, 1 . 0 «, .hcrefore. .ha. c.hy.cne has .he s.ruc.u.e IN, 

H H 

I I . rH,=CH 


4\r 
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(6) The formation of ethylene by the action of zinc on ethylene dibromide (cf. 
preparation of ethylene) lends further support to the above structure. 

(7) Electronic considerations. In structure (I) and (If) each ‘free’ bond stands 
for one electron. In structure (H) if the two electrons are unpaired zs shown below, it 
would represent a di-radical. 

H H 

. C : C . 


H H 

But eth>lene does not give the usual reactions 
(II) is rejected. 

The structure III which is accepted can be 
represented electronically as : 

H H 
• • « « 

C;:C 
• > • • 

H H 

The space model of vih>Ienc is represented 
in Fig. 2. 

Significance of double bond. The signi- 
licance of double bond and its stability 
have been discussed in details in chapter 
X.XIII ^ 


of a di-radical. Hence structure 



Fig. 2. Space 
Model of Ethylene 


Preparation. 


SUMMARY OF A TYPICAL MEMBER 


1.2 Dihronio tlhano 
CjHiBr.. 


Aci tvlene 

( tisc n 


Ftlivl ulculiol 
( It OH 


Efliyl ulcolio? 


Distil w iih zinc 


Controlled reduction 
(Ni, 200°) 

Meat with cone. H-iSOj 

170° 


Pot, succinate 
KOOC ClIo CHo.COOK 


Dehydration with (/) H iPO.j 
(//•) AUOrjai 200° 

Electrolysis 


Petroleum 


By cracking 


I'-Miyl iodide 

Warm with KOH alcoholic 

Ethylene 

till 

► 

CH2=CH2 
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Properties 


Addition of hydrojien 
Ni.lSO’ 


Addition of halogen, Xo 
(Cl.), Br^., I-j) 


Addition of halogen acid 
HX(HC1. HBr, HI) 

Addition of hypochl orous acid 
(HOCI) 


Catalytic addition of H^O 
(AljO.) 

Treat with equivalent 
amount of H;>SOj 



Ethyl halide 


Ethylene Chlorohydtln 
CHaOHCHjCI 



t Hyd lolili 


Ethyl sulphuric acid 
C.HiHS04 


Ethylene 

CH2=CH2 


O/ono 


Oxidation with 
dilute alkaline KMn 04 


Ethvicne ozonldc 

QHiOa 


Glycol 

C H>OH, CH-OH 


Oxidation with 
acidic KMnOi 


Combustion 


I’olvmerisalion 


Oxidation with air 
Ag coil. 400" 


Air Oxidation 


Formic acid 
HCOOH 


CO2 + H2O 


Polyethylene 


Ethylene oxide 
CH 2 -CH;; 

\o/ 


Formaldehyde 

H.CHO 
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QUESTIONS 


1. What are iinsaturated hydrocarbons ? Give some examples and typical reac- 
tions to show that they are unsaturaied. lypicai reac 

2. How is ethylene prepared in the laboratory ? Describe its properties. 

How can it be converted 

into (/) Ethane (//) Ethyl bromide («/) Ethyl alcohol (n) Glycol (v) Formic acid. 

„ ^®lltods for the preparation of olefins What nroducLs 

are obtained when ethylene reacts with (/) bromine (//) alkaline ootassium oer 
mansanate (mj sulphuric acid (iv) ozone (r) hypoSlorous acid 

of a doubl^horJrt '•? i?® structure of ethylene ? What is the significance 

or a ooubie bond ? Describe briefly the important uses of ethylene. 

6. Write short notes on : 

(0 Addition Reactions 
(«) Polyemrisation 

(iii) MarkownikolT’s rule 

7. Give any four general methods of preparation of olefins. 

n ^ . . {Pan jab Inter 1959) 

soreactiw'"' why are they 

iPanJab Inter 1955 Suppl.) 

rcact^with'S u .preparation of ethylene. How does ethylene 

oVone V V (n> hydrobromic acid (/,/) concentrated sulphuric acid (iV 

o/one . Give some important uses of ethylene. {pLjab Inter m9) 

ethylene? Compare and 

• ”rast the propertic> of ethane With those of ethylene ? {Panjab Inter 194S) 

Describe the preparation of ethylene in 
TtK lahoratorv. Give equations illustrating the additive reactions of ethylene. 

{J.&K Inter 1964) 

pertiVs apparatus used in preparing ethylene. Describe the pro- 

I s oi a n> ic n . . ^ 

Give its important reactions. How is its reacl- 

(Dellii Pre-medical 1946) 

H. C,.ve ,l,c r.cp„r;,.ion of ethylene ? (Rajpulana Int,r 1952) 

cthylenc In the laboratory. 


jiu. does ,t react „ith ,„) 

I I'l in I he blanks ; 

'*7 indicated by dccolorisation of 

M.irkounikofT s rule governs the addition of to an- 

^Md.ation of ethylene with Baeycr's reanent yicldss 

. compounds are highly— (whv) "> 

Audiiion ol oi'onc to ethylene yields 


{Bihar Inter 1956) 


'll 

(ii) 

(ui) 

til) 

(V) 

n) 
( ' ii) 

■ iii) 


•water. 

-molecule. 


Dil.ydraiion of aU’ohols with phosphoric acid \ield-- 
f iiAlene polymerises to in the prcscnce'of 


An alkyl halide loses molecule of— 
'’lenn. 


high pressure. 


with alcoholic to vield 


an 


CHAPTER XXVll 


ALKYNES OR ACETYLENES 


.11 Alknc^ ire those hydrocarbons which contain four hydro- 

fvss diin tL‘ corresponding paralltns and two hydrogen atoms 
fes” 'ir?he coXonding olefins. They are also known as acetylenes 
after the name of the first member, acetylene. 

Each member of the series contains one triple bond ,n the molecule. 

For example, _ 

Elhync or acetylene, CsH™ or HC=CH 

Propyne or methyl acetylene, CjH, or CM^C.CH, 

The general formula of the series is C„H,„ 

Acetylenic hydrocarbons or alkynes are named either 
Nomenclature. Aceiyiemc y ^ (he l.U.C. 

on the l.U.C. obtained by converting the suHi.v,-fl«e of the 

system, their jl,e pLtion of the triple bond is indicated 

ry‘;XinTti number\irthe Jarbo^n atom preceding it. Tin., we have- 


Formula of the 
alkyne 
hc=ch 

CH3.C=CH 
CUs.C^C.CH.i 
C,H,.C=CH 


Coifimon name 

Acciyknc 
Methyl- 
acctylcne 

Dimethyl 
acetylene 
r.thylacetylcnc 


I U.C. name. 

IZthync 
Propyne 

2-Butync 

I'Butyne 


cn=cn 


ACETYLKM'i or ETHYNE, 

. • .u.a firct the most important member of the alkyne 

senes. It incomplete combustion of coal gas, oil gas. ethyl 

formed during th P when a Bunsen burner strikes back, 

> per cent of acetylene. 

Preparation. Acetylene may be prepared by the following methods : 

n Laboratory method. Acetjicne is conven^ntiy prepared m the 
laboratory by + Ca(OH), 
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PREPARATION OF ACETYLENE 


The apparatus used is shown in Fig. 1. 

The bottom of the filtration flask h covered by a layer of sand and small lumps 
of calciurrj carbide are then added. Water is added dropwise through the dropping 
funnel and the gas is collected over water. hf » 



Fig, I. Preparation of Acetylene 

arsine*'ln^droVii^si?fn!fi'{!.^'^ contains small amounts of phoshine, 

calcium carbui.' etc., depending upon the impurities present io 

an acidic solui'inn^?^/' these impurities by passing it through 

phoSne & 'vhich will retain all impurities excepting 

PouXr when the ^ suspension of bleaching 

suspension. ^ ^ Phme gets oxidised to phosphoric acid which is retained by the 

IodoJonu*\vhen^h!??t ^ derivative of methane with silver powder, 

iodoiorm whLii heated with silver powder yields acetylene. 

2CHI3 + OAg — *. CoH. + 6AgI 

fumarnle o“r',naieaIe‘"™''’'‘' 


At anotic : 


CHCOOK 

I! 

CHCOOK 

CHCOO-- 

fi 

CM COO 


-:e 


At cothodc : 2H — 2e- 

(4) By the action of 
ethylidcnc dibroinide. 


CHC002- 

II + 2K+ 

CHCOO 


fCH.COOl 
-! II I 

LCH.COO J 

Unstable 

2H — > H, 

alcoholic potash 


2KOH alcoholic 

CHgBr.CHgBr ». 

Ethylene dibromide — 2HBr 


CH 


4- 2CO.> 


CH 

Acetylene 


on ethylene dibromide or 


CH=CH + 2 KBr + 2HaO 

Acetylene 
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2KOH alcoholic 

€H:,CHBr 2 — 

Ethylidene dibromide — 2HDr 


CH=CH + 2KBr + 2H,0 

Acetylene 


(5) Synthesis. Acetylene was first s>nthcsised 

byBeithelot in 1859 by passing an electrical 
between carbon electrodes in a current 
hydrogen. 


CAL-OUT^ C'trvLiDf. 


:c + Hi 


C..H 



iz±z-i 




ACETYLENE 


l-WATER 




Manufacture of acetslenc 


(6) Industrial preparation, (i) Since 
calcium carbide can be readily manufactured 
by heating calcium oxide with coke in 
an electric furnace, 

CaO + 3C — ^ CaQ -r CO 

acetylene, on an industrial scale also, is 
obtained by the action of water on calcium 
carbide. A diagrammatic sketch ol tlv. ^ 

plant used for the purpose is shown in hig 2. — 

nn A more recent method for the ,ndu>Inal irrcparalion of 

invoVv4 the" /,■ an elec, nc .re The 

yield is about 45 per cent, 

2CH4 — ^ 

CM, — QH., + 2H., 

/■■■j Another process u.eJ for large scale production of acetylene is 

by bnng.ng aboi/,«rr/fl/ oxalanon of methane at 1.1,1, ,c,„peroU,res. 

4CM, + 30, — 2C.,H: +6H,0 

i>u i»rnn(>rtics Acclylcnc is a colourless gas having an ethereal 

Physical I , ..Lcistic garlic odour of acetylene is due to 

smell when pure. ^be charcC ^ is only slightly 

the presence of -ilcohol and still more in acetone. It is in 

soluble in water but ‘ c^tvlene is transported when required 

t welding rurp°'ses because ,aseo,.s ace.ylene Is llahle ,o c.splo.le uolen.ly 
by mere shock. 

the compressed gas is detonated. 

C,H, — 2C + H, 

Carbon obtained above is in a finely divided state and is used a. 

carbon black. Acetylene is a combustible gas and burns with 

(2) When mixed with oxygen it burns with an 

luminous, smoKy iiamv. 
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lin tensely hot flame giving a temperature of about 2700 ®. 


2C2H3 + 5O3 — ACO. + 2 H „0 
The is one of the hottest flames, and is used for 

welding, cutting and making holes in steel plates, etc. 

Acetylene, tike other hydrocarbons, forms explosive mixtures with air. 

(a) Acetylene catches fire when brought in contact with gaseous 
chlorine, giving free carbon and hydrochloric acid gas. 

CoH, + Cla ► 2C -h 2HCI 

( 3 ) Oxidiation. (i) With potassium permanganate (acidic or alkaline) 
acetylene is oxidised to oxalic acid. & v 


KMn 04 COOH 

HI + 4(0) I 

COOH 

Acclylene Oxalic acid 

Acetylene, thus, decolorises potassium permanganate solution. 

(ii) With chromic acid, acetylene is o.xidised to acetic acid. 

/-■I . Chromic acid 

• Acetic acid 

is eqli1lalem‘‘lo 'uv f contains a triple bond which 

siniM- to ^ , I fi bonds, it gives addition reactions in a manner 

"Zl, L"lnt of ^hvbn 1?''“'''”'’ ''Vice as 

ivhat more readily thin the olefin^ " 

"alldes (halogen adds) 

(i) Addition of hydrogen. 


. '7 


CIi_-.CH 4 - Ho 
Acctsictio 

CH, = CH, + H.. 

LlJ)> Idle 

Addiiioi) of iialogcns. 

c H .CM 4- Br.. 


Ni 
— ^ 

:oo' 

Ni 

200 


D 


CHa^CH. 

Ethylene 

CH3-CH3 

Ethane 
Br Br 


Br Br 

I I 

CH=CH 

Acetylene 

-libromide 


Br. 


CH=CH 

Acetylene dibromide 
Br Br 

I I 

CH-CH orCaHgBr, 

II 

Br Br 
Acetylene 
tetrabromide 
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Similar reactions take place »■/-/. wame though with less reactivity. 

WUh gaseous chlorine, as already mentioned, acetylene gets .gn.ted. 

^H=rH 4- HBr — CH,=CHBr 
CH — CH + Vinyl bromide 

rH -CHBr + HBr — ^ CHa-CHBr, 

CHo— '-rnDf I Ethylidenc 

T dibromide 

simiUrTeactions take place w,th hydrogen chloride and hydrogen 

Addition of hypoehlorous acid. The resulting product ,n this 
case is dichloro-acetaldehyde. 


CH=CH + HOCl 


CH=CH 


CH=CH + HOCl 


OH Cl 
OH Cl O 


1 i 

OH Cl 


pu (^u r CH —CHCIa or CHClo. CHO 

CH— CH - Dichloroacet- 

1 I aldehyde 

OH Cl 

Unstable 

prest^l^e :i;;;;^uri^c:^: -talm^^a Uu^ ^0^30, Imitate, 

giving acetaldehyde. 


CH=CH 

t 


CH3.CHO 

Acetaldehyde 


^ H.OH — ‘ CH==CHOH 
^ 1 HgS 04 t 1 

Vinyl ulcoho! 

(hypothetical) 

• « r»c rhp acetaldehyde obtained can be 

acetylene in the Pj;i^;;;fd°oly«d bV dilute sulphuric acid giving acetaldehyde, 
which can be readily hydroiysco j 

I I ^ ^ CHaOCM^^CHj 

CH=CH + CHaO-H Methyl vinyl cthcr 

1 

dil^.SO. ^ CH 3 .CHO 

CHaOCH-CH, + hydrolysis Acetaldehyde 

Methyl vinyl ether 
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.J The reaction thus provides an excellent 

method for the conversion oj acetylene into acetaldehyde. 

^<.4 of®‘«cacid. Acetylene adds on acetic acid in the presence ofa 

catalyst Cmetcunc salt) to give vinyl acetate which is required for the production of 
^myl resins used as synthetic rubber and plastics. profluction of 


CH-^- 


O 

0 I 

C-O.H 


CH=CH 

t 


O 

Hg+-^-salt (I 

— CH3-C— 0-CH=CH2 

Vinyl acetate 


fv/iV) Addition of HCN. Acetylene adds on hydrogen cyanide to vield acrvlo. 
nitrile, which is an important starting material for synthetic rubber ^ ° 

HC-CH + HCN CH2=CH.CN 

Acrylonitrile 

(ix) Addition of ozone Acetylene, like olefins, adds on ozone giving 
ozonide. 


,CH=CH 


O 


O-CH 

I I 

O-CH 


\ 


0 


Acei>Jenc ozonide 

^ ^ Poiynierisafion. (i) Acetylene, when heated in a quartz or 
coj per or iron tube to dull red heat, polymerises to give benzene. 

Heat 

3C2H3 • — ► CfiHg 

600® Benzene 

This reaction gives us an important method of passing from aliphatic 
to aromatic compounds. 

.-Ki ^^'9 ^ of cuprous chloride and ammonium 

nv ^y^/o'^hlonc acid, polymerises to give vinyl acetylene which is used for the 

manufacture of synthetic rubber o ^ j 


i I 

HC=CH + HC=CH 

A 


Cu^Cl-* 

NH.Cl 


CH8-CH-C=CH 
Vinyl acetylene 


(6) Formation of .Metallic Derivatives. A unique characteristic of 
acetylene is that the hydrogen atom attached to the triple bond carboh 
atom IS acidic in nature and can be replaced by metals. 

(a) Thus, acetylene when passed into a solution of sodium in liquid 
ammonia, gives mono'sodium and disodium acetylides. 

2HC=CH 2Na — 2HC=C.Na -f Hg 

Mono-sodium 

acetylide 

2HC=C.Na -I- 2Na ► 2NaC=CNa + H, 

Disodium acetylide 

■odamide""^ acetylide can also be obtained by the interaction of acetylene with 


CH=CH -f NaNHj 
Sodamide 



CH=C.Na + NHa 
Sodium acetylide 
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HC=CH : Cn.CU 


2HC1 


<h} Acetviene when passed through an animoniacal solution of cuprous 
chloride eives a reddish brou n precipitate of cuprous acetyhde. 

Cu.C=C.Cu 2HCI 

Cuprous acetylide 

2NHiOH — ► 2NH4CI - 2H2O 
{r) Similarly, with ammoniacal solution of silver nitrate, 
precipitate of silver acetvlide (AgoCo) is obtained. 

C.Ho -i- 2AgN03+ 2NH,OH — > AgA -NH 4 NO 3 ^ -H,0 

The silver and copper acelylides are decomposed on treatment with 
dilute mineral acids to give back acetylene. 


a while 


For example, 
Cu.C=C.Cu 


2HC1 


CuoCl-j 


CH^CH 


The formation of accl>lide precipitates is used as 
a diagnostic test for acetylene. 

Also since these acetylides readily yield acetylene 
on treatment with mineral acids, the reaction is utilised 
for the purification of acetylene and for its separation 

from olefins and paraffins. 

The copper and silver acetylides are highly 
explosive in dry state. 

Uses. Acetylene is used : 

(1) As an Uluminant in light houses, signal lamps, 
hawker’s lamps, etc. A simple hawker’s lamp is 
diagrammatically shown in Fig. 3. 



calcium CARDIDE 


Fiy. 3. llawkth s 

Acetylene Lamjf 


(2) For producing oxy-acetylene flame for welding iron, steel and 
other metals and for cutting steel plates and bars. Oxygen-acetylene 
flame gives a temperature of about 2800°. An oxy-acetylene torch used 
for the above purposes is shown in Fig. 4. 



(3) For the manufacture of hydrogen and lamp black. 

(4) As a starting material for the manufacture of a number of organic 
■compounds such as acetaldehyde, ethyl alcohol, acetic acid, ethyl acetate, 

■etc. 
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(5) For the preparation of important products such as vinyl acetate 
for plastics ; westron (CaH 2 Cl 4 ) and westrosol (CCU— CHCl) as solvents 
and lewisite (CI.CH=CH.AsCl 2 ) as a war gas. 

(6) For the artificial ripening of fruit and vegetables. 

(7) Pure acetylene is also used as an anaesthetic under the name 
narcylen. 


Structure of Acetylene. (1) By gas analysis, the molecular formula of acetylene 
is found to be C 2 H 2 . 


(2) The two atoms of carbon must be linked directly because the union through 
a monovalent hydrogen is not possible. Assuming tetravalency of carbon, the 
following two structures are possible : 


H- 


H 

C-C 

I I 

A 


I 1 

H-C— C— H 

I I 

B 


(3) With chlorine, acetylene gives a product having the structure CHCU— CHCL 
This rules out formula A. “ * 


(4) Formula B is supported by the preparation of acetylene from ethylene 
dibromide by the action of alconolic potash. 


H 

Br 


H 

I 

— C— 

I 

-c— 

• 1 

H 


Br 
H - 


2K.OH alcoholic 



— :HBr 


H 

1 

—C— 

I 

— c— 

I 

H 

Acetylene 


(5) As discussed m the previous chapter (cf. structure of ethylene), ‘free’ 
valencies attached to carbon atom cannot exist. Hence the two cabon atoms in 
acetylene arc linked by a triple bond. Acetylene, thus, has the structure 


H-C=C-H 

(6) This structure is supported by its synthesis from iodoform by heatine with 

silver powder. ^ * 


./I I \ 

HC - j 4- 6Ag I — CH — ► HC=CH + 6Agl 

(7) Electronic formula. Electronic formula of acety lene is represented below t 

Hx c : : c X H 

8. Space Model. The space model of acetylene is shown in Fig. 5. 



Fig. 5. Space Model of Acetylene 
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SUMMARY OF A TYPICAL MEMBER 


PREPARATION AND PROPERTIES OF ACETYLENE 


Preparation. 


Calcium carbide 
CaCa 


Add water 


Ethylene dibromide 
C2H4Br2 


Wann with alcoholic KOH 



Distil with silver powder 


Pot. maleatc 
KOOC.CH = CH.COOK 


Electrolysis 



Synthesis, electric arc 


Acetylene 

CH=CH 


Properties. 


Addition of hydrogen 
Ni, 180* 


Addition of halogens 
Xa'CL- Brj. 1^) 


Acetylene Addition of halogen acids 

CH=CH HX(HC1. HBr, HI) 


Addition of H^O in the 
presence of HgSO^. H2SO4 


Polymerisation 
by passing through red hot 
tube 



Acetylene telrahalide 
CzHgX, 


Etbylidene dihnlide 

CH 3 CHX 2 


Acetaldehyde 

CHgCHO 
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Properties ( Continued) 


Combustion 


Oxidation with KMn 04 
acidic or alkaline 


Ozone 



COg+HgO 


Oxalic acid 
(COOH)j 


Acetic acid 
CH3 COOH 


•n- 


Acctylene 

CH=CH 


Silver nitrate ammoniacal 


Cuprous chloride ammonia- 
cal 


Addition of acetic acid 
(Hg^-^salt) 


Silver acetylide 


Copper acetylide 
CuoCe 


CH3=CH.C00CH3 
Vinyl acetate 


Synthetic rubber 


Addition of methyl alcohol 


Methyl Vinyl ether 
CH2=CH— O— CH3 


I hydrolysis 


Acetaldehyde 

CH3CHO 


QUESTIONS 

1. Whit are alkvnis ? Give their general formula and the names and structural 
formulae of the first two members. 

2. How is acetylene prepared (i) on a laboratory scale (ii) on a large scale ? 
Give the important properties and uses of acetylene. 

3. How is pure acetylene prepared in the laboratory? Explain how can it be 
converted into (i) r.fhylenc fi7) Ethane (Ui) Acetaldyde (iv) Acetic Acid (v) Oxalic 
acid (v/) Bcnrenc (v/i) Vinyl acetate (rUi) Lewisite ? 

4. What org.anic compound is obtained by the action of water on calcium 
carbide ? Give four typical reactions of the compound. 

5. How is acetylene prepared ? Describe its properties and important uses. 

6. How is pure acetylene prepared in the laboratory? How has its structure 
been established ? Give the important uses and tests of acetylene. 





ALKYNES AND ACETYLENES 


301 


7 Acetylene is a hjdrocarbon. Can you explain why it forms metallic deriva- 
tives ^ Name three such derivatives and draw a self explanatory oiagram to show how 

vou can prepare the hydrocarbon from one of them. Mention its industrial uses 

H ^ {Panjab Inter J94h) 

8 Give the structural formula of the orcanic compound produced by the action 
of water on calcium carbide. How is this compound purified ? Describe its important 

properties. 

9 How is acetslene prepared in the laboratory ? Give its properties and uses, 

' {Ajmer Inter 1954) 


]0. By what methods can acetylene be obtained ? How may the following 
substances be made from it : 

{a) acctaldeh>de (6) acetone (c) isopropyl alcohol ? {PanJab Inter 1946) 

11. What are acetylene hydrocarbons ? How is acetylene 

important properties and uses* { . . n er 

1 2. How is ace.ykne prepared ? Compare its properties "'"h 
ethylene. 

13 What are unsaturated hydrocarbons ? Show how 
those of saturated hydrocarbons. 

14. How is acetylene prepared and whit are its propert.es “"tl us« 


15. Describe the laboratory and large scale 
Give its properties and uses. u r n • 

16 Give laboritory method and purification of acetylene. How can the following 

substances be obtained from acetylene : 


{a) Acetaldehyde 

(6) Vinyl-chloride tpanjab T.D.C. Part 1 1964) 

(f) Silver aceiyhde 


(d) Benzene 



CHAPTER XXVIII 


A COMPARATIVE STUDY OF HYDROCARBONS AND 
DETERMINATION OF THEIR FORMULAE AND 

COMPOSITIONS 


fn the preceding chapters, the three types of hydrocarbons, namely th& 
praffins, the olefins, and the acetylenes, have been dealt with in details, 
it is intended to make a comparative study of the hydrocarbons in this 
chapter as it will afford an opportunity to highlight their common 
characteristics^ essential differences, interconversions, and separation from 
one another. 

The methods used in determining their molecular formulae will also 
be discussed. 

Physical Properties. The three types of hydrocarbons resemble one 
another in their physical properties. For example, 

(i) The first three or four members of all the three series are gases, 
the next ten to twelve members are liquids and the higher ones are solids. 

(ii) The melting points and boiling points of all the three types of 
hydrocaibons increase regularly with increase of molecular weights, how- 
ever, ilie acetylenes are less volatile than the corresponding paraffins 
which ill turn are less volatile than the olefins. The order of the boiling 
points is thus 

Acetylenes > Paraflans > Olefins. 

(Hi) The specific gravities also increase regularly with increase in the 
number of carbon atoms. All hydrocarbons are lighter than water. 

(i\ ) .Ml the three types of hydrocarbons are only slightly solube in 
water but dissolve readily in organic solvents such as alcohol, benzene, 
acetone, etc. 

Chemical Properties. While the three types of hydrocarbons are 
similar in their physical properties, they differ appreciably in their chemical 
properties. 

The paraffins, since they are saturated, are stable compounds appar- 
ently inert and are not ordinarily attacked by reagents like nitric acid, 
sulphuric acid, hydrochloric acid, potassium permanganate, potassium 
dichroniatc, etc. On the other hand, the olefins and acetylenes, being 
imsaturatcd, are unstable and highly reactive. They are readily attacked 
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SEPARATION OF HYDROCARBONS 


loterconversioDs of Hydrocarbons. 

(i) Conversion of ethane into ethylene. 

Chlorination Ale. KOH 

CHa-CHs — ► CHa.CH.CI — 

Ethane diffused sunlight Ethyl chloride — HCI 

(ii) Conversion of ethylene into Acetylene. 


CH2=CHe 

Ethylene 


CHo = CH:. 

Ethylene 


Bra Ale KOH 

CHoBrCH^Br — ► 

Ethylene dibromide — 2HBr 


CH=CH 

.\cetylene 


CH3-CH3 

Ethane 


CH3COOH 
Acetic acid 


(in) Conversion of acetylene into ethylene and ethane. 

Partial reduction Reduction 

CH=CH — > CH2 = CH3 — 

Acetylene Pd or Fe or CrCl^ Ethylene Ni, 180— 200® 

(iv) Conversion of acetylene into methane. 

10^0 HgS 04 , Oxidation 

CH=CH — ► CH3.CHO — ► 

Acetylene 40“ H 2 S 04 Acetaldeh>de KoCrjO? 

NaOH Soda lime 

— ► CHaCOONa — .. CH, 

Sod. acetate distil Methane 

( v) Conversion of methane into ethane. 

Chlorination Na, dry ether 

2CH4 .. 2CH3CI ► CH3-CH3 

Methane diffused sunlight Methyl Chloride (IV//r/r re<7cr/o«) Ethane 

(vi) Convcr.sion of ethane into methane. 


Chlorination 

CH,-CH 3 — - 

Ethane diffused sunlight 

O.xid, Oxid. 


CHa.CHO 


K.X'r.;C>7 Acetaldehyde KoCroO? 


Aq. KOH 

CH3.CH0CI ► 

Ethyl Chloride 

NaOH 

CH3CCOH ► 

Acetic acid 


Soda lime 


distil 


CH, 

Methane 


CH3CH2OH 
Ethyl alcohol 

CHgCOONa 

Sodium acetate 


Separation of Hydrocarbons 

A gaseous mixture of parallins, olefins and acetylenes can be separated 
inio its constituents by suitable means. For example, a mixture of ethane, 
ethylene and acct)lene can be separated as below : 

(I) Separation of acetylene. The gaseous mixture containing ethane, 
ethylene and acetylene is treated with an ammoniacal solution of cuprous 
chloride (or silver nitrate) when acetylene is precipitated as cuprous (or 
silver) acetylide. 
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QH. + Cu..Cl> + 2 NH 4 OH 

Acetylene 


CuA + 2NH4CI + 2HA 

Copper acciylide 
(Reddish ppt.) 

The other two gases remain unattacked. 

The copper acetylide is removed and warmed with dilute hydrochloric 
acid or sulphuric acid to regenerate acetylene. 

Cu..C. + 2HC1 — ► CujCI, + CoHa 

• • Acetylene 

(2) Separation of ethylene. The remaining gaseous mixture is then 
treated with concentrated sulphuric acid when ethylene is absorbed as 
e thyl hydrogen sulphate. 

OH 4 + H.HSO 4 — C,H5.HS0, 

£lhylene Ethyl h)drogeD sulphate 

the ethyl hydrogen sulphate is separated and heated to set free 
ethylene. 


CH,HS04 


Heat 
170® 

(31 The residual gas is ethane. 


C,H 4 H H2SO4 

Eihylenc 


Composition of Gaseous Mixtures 

The composition of a gaseous mixture of of 

determined by noting the volume of oxygen used for the combustion ot 
a?nown ^lumc of th^ '^the mixture contains more 

tha^Two Mrocarbonsfthe volume of the carbon dioxide produced 
during combLtion should also be known. This will be clear from the 

following examples : 

Example 1. 30 ml. of a mixture of methane (CHJ 

required 114 ml. of oxygen for complete enmbustton. Find out 
the composition of the mixture. 

Total volume of the mixture = 30 ml. 

Let ibe volume of methane = x ml. 

Volume of propane (30— x) ml. 

Oxygen used for combustion = 1 14 ml. 

The total volume of oxygen required for the combustion of the mixture can bo 

calculated from the following equations : 

4 - 2 O 3 — ► CO 2 + 2 H 3 O 
1 vol. 2 vol. 

C3H8 + 50 -. — > 3 CO.. ^ 4H2O 
1 vol. 5 vol. 

Volume of oxygen ^equired^foMhe ^ ^ ^ ^ 

Volume ml. of propane = 5(30-.) ml. 

Total volume of oxyacn required = 2.<+5(30 — j:) 

2x+5(30— Al =- 114 

A « 12 ml. 

Volume of methane *= 12 ml. 

Volume of propane = 18 ml. 
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Example 2. 25 ml. o f a mixture of ethane and ethylene was exploded, 
with 90 ml. of oxygen The carbon dioxide wa^ absorbed by caustic potash 
The remaining gas measuring 10 ml. was absorbed completely by alkaline 
pyrogallol. Calculate the composition of the mixture. 

Total volume of the mixture = 25 ml. 

Let the volume of ethane = x ml. 

Volume of ethylene = (25— .r) ml. 

Total volume of oxygen taken = 90 ml. 

The volume of unused oxgeo = 10 ml. 

(which was absorbed by pyrogallol) 

Volume of oxygen used for combustion = 90 — 10= 80 ml. 

The combustion of ethane and ethylene is represented by the following 
^uations : 


aCoH, 

+ 702 — 

♦ 4C02 + eHoO 

•(0 

2 vol. 

7 vol. 



O 

X 

+ 3 O 2 — 

> 2 CO 2 + 2HoO 

(/O 

1 vol. 

!3 vol. 




• Oxygen required for the combustion of 


7t 

-t ml. of ethane = •: 5 — ml. (cf. equation i) 

Oxygen required for the combustion of 

(25— .v) ml. of ethylene = 3(25— ar) ml. (cf. equation ii) 

Total oxygen required ■= — — +3(25— x) 

~-f 3(25-.v) = 80 
or X = 10 


Volume of ethane = 10 ml. 
and Volume of ethylene = IS ml.. 

o mixture of methane, ethylene and acetylene 
, 1-5 ml. of oxygen. On adding caustic potash, there 

I s a reduction of SO ml. The remaining gas measuring 10 ml. was com- 
pletely absorbed by alkaline pyrogallol. Find the composition of the 


and 


Total Volume of the mixture 
Let the volume of methane 
Volume of ethylene 
\ olume of acetylene 
lot;i! vidunie of oxygen taken 
Volume of carbon dioxide 
^ (ahsorbi’d by KOH) 

Volume of oxvgen left unu«ed 
(ah.U)i ht'il hy pyrogallol) 
Volume of oxygen used Vor 

combustion 


= 45 ml. 

= .V ml. 

— y ml. 

= 45— (x+y) ml. 
= 125 ml. 

= 80 ml. 

= 10 ml. 


= 125-10 


ri u • “ ^*5 ml. 

1 ne combustion of the three constituents is represented as below; 


CH 4 

+ 20 , - 

CO, 

+ 2 H 2 O 

1 vol. 

2 vol 

1 vol. 


OH 4 

4- 3 O 2 — 

-► 2 C 02 

+ 2 H 2 O 

I vol 

3 vol. 

2 vol. 



••(0 

...(//) 
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2 O 2 H 2 + 50» 

2 voJ. 5 vol. 


4CO-> + 2HiO 
4 vol. 


•.(»//) 


Volume of oxygen required foMhe . !\ 

combustion of x ml. of methane = 2x ml. {cf. equaiion 0 
Vol-C = 3. ml. (c/. ,7) 

Vo.un3e of 

Total volume of oxygen required = 2.v+3v+5/2(45-x y) 

2x+3y + 5/2('45-x— y) = 115 

Volume of CO« produced by the combustion , 

volume oi of.vml. of methane - x ml (c/. 

Vol«n.e of CO, c-^us.ion^ ,, 

Voluo .0 of COy^roduce_d^byJ,he^— ,,, 


(A) 


...(B) 


Total volume of COj produced = x+2>'+ 2(45 x y) 

x+2y + 2(45-x-y) = 80 
From equations (A) and (B), x — 10 

andy «» 15 

. Volume of methane 10 ml. 

Volume of ethylene = 15 rol. 

Volume of acetylene * 20 ml. 

MOLECULAR FORMULAE OF CASEOUS HYDROCARBONS 

As already mentioned, all hydrocarbons burn in the presence of 
oxygen giving carbon dioxide and water according to the equation 

C,H„ + (.v +^-) O. — ► .vCO. + 2 -HP 

K „|. . , 

?hrmoIecuIar formula of the hydrocarbon directly without the prior 
knowledge of its percentage composition. 

SuDOOse lOml. ofa hydrocarbon on combustion produces 20 ml. of 
carbo^dioxide and 30 ml. of water. From this data the molecular 
formula of the hydrocarbon can be determined as illustrated below . 

10 ml. of the hydrocarbon produces 20 ml. of CO™ and 30 ml. of H.jO 

Or I volume of the hydrocarbon produces 2 volumes of CO, and 

3 volumes of H.,0. 

By Avogadro’s law, r a 

1 molecule of the hydrocarbon gives 2 molecules of CO, and 

3 molecules of ^4,0. 

• 1 molecule of the hydrocarbon contains 2 atoms of carbon and 6 

Thus*!'tht”®iccular formula of the hydrocarbon is C,H,. 
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Actual procedure. In order to determine the volume of carbon dioxide 
and that of water produced from a given volume of hydrocarbon, the 
following procedure is adopted : 

(a) A known volume of the hydrocarbon is mixed with a measured 
excess of oxygen and ignited by an electric spark. The carbon and 
hydrogen of the hydrocarbon are converted into carbon dioxide and 
water vapour respectively. Since the experiment is carried out at the 
room temperature, the water vapour get condensed to liquid water. To 
ensure complete condensation of water vapour, the eudiometer tube is 
cooled after explosion. The volume occupied by liquid water is negligible 
since about 1700 ml. of water vapour on condensation produce only 
1 ml. of liquid water. 

volume of the gaseous mixture after explosion and cooling is noted. 
Obviously, this volume gives the volume of carbon dioxide plus the volume 
of unused oxygen. 

(b) In order to determine the volume of carbon dioxide formed, a 
little caustic soda or caustic potash is introduced into the eudiometer 
tube. The carbon dioxide is completely absorbed and thereby the mercury 
level rises upwards. 

T/je decrease in volume on introducing caustic soda or caustic potasht 
evidently, gives the volume of carbon dioxide produced. 

(c) The gas left in the tube after introducing caustic soda is the 
unused oxygen. Its volume is noted. From this, the volume of oxygen 
actually used for combustion is calculated. 

(d) The next step is to calatfate the volume of water vapour formed. 
This is done from the volume of the oxygen used for combustion, as shown 
below : 

Let the total volume oxygen used = a ml. 

Volume of CO- formed = b ml. 

Since one volume of CO- is obtained from one volume of oxygen, 

(C O. — ► CO-l 

1 vqI. 1 vol. 

.'. Volume of oxygen used for the production of carbon dioxide =» 
the volume of 00^.. produced^/? ml. 

Volume of o.xygen used for the production of water = (a — Z>) ml. 
Since one volume of oxygen produces two volumes of water, 

(2H- 0,> — 2H-0) 

l vol. 2 vol. 

Volume of water vapour formed =2{a~b) 

Knowing the volume of the hydrocarbon taken and the volume of 
carbon dioxide and water vapour produced on combustion, the molecular 
formula of the hydrocarbon can be calculated as illustrated above. 
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ToitiZ the ilJ.e teas reduced to W ml. Calculate the molecular formula 
of the hydrocarbon. 

Volume of ihc hydrocarbon taken = 20 r^. 

Volume of oxygen taken — lUtJ ml. 

Volume after explosion and cooling - 70 ml. 

• Volume of CO, ^ unused oxygen = 70 m . 

Volume of oxygen left unu5»cd — 10 ml. 

Reducion in volume on adding caustic potash CO. 

= 60 ml. 

Volume of oxygen used = 

= 90 ml. 

Since 1 volutte of carbon dioxide rs oblained from 1 volume of oxygen, 

(C + O, — ^ CO,) 

I vol. 1 vol. 

Volume of oxygen used for the production of 60 ml. ^of Ca. 

. Volume of oxygen used for the producion of water -90-60 -!0 ml. 

Since 1 volume of oxygen produces 2 volumes of water. 

(2H, O, — ^ 2HoO) 

1 vol. 2 vol. 

• Volume of water produced by 30 ml. of oxygen used *=60 ml. 

Thus, 20 ml. of the hydrocarbon on combustion produces 60 m . 

“'"or,?voLl"'orthrhyrc“;bon produces 3 volumes of carbon dioxide and 
3 volumes of water. 

, mol'cuiro “thThydrocarbun produces 3 molecules of CO. and 3 molecules of HsO^ 
, molecule of the hydrocarbon contains 3 atoms of carbon and 6 atoms of 
hydrogen. 


• Molecular formola of the hydrocarbon is CaH^ 

Alternative Solution. Let C,H. be the formula of the hydrocarbon. The equal, on 

giving the combustion of the hydrocarbon is 

® CMu •} (A -I- yl4)Oi — 

1 mol. (x 4->74) mols. 


A CO, + yl2 H .o 
.r mols. yl2 mols. 


Applying the converse of Avogardro’s law. 

Ivol.ofC^H^ + (A +y/4)vol. ofO, ► 

or 1ml. of C^H„ + + W4) ml. of O., — > 

or 20ml.ofC,H^ ! 20 (a M4) ml. of O, — i 

Oxygen used 20 (a -> W4) ml. 

20 (X + y!^} , I “ V ml 

Carbon dioxide produced =* 20 a ml. 

20a = 60 
A « 3 

* 

From (/) and (//', u • /-' n 

•. Molecular formula of the hydrocarbon is 


A vol. of CO-, . , , _ 
+ .v|2 vol. of HjO 

A ml. of CO, 

-I- yl2 ml. of H,0 

20a ml. of CO, 

-f- 20 (>’/2) ml. H,0 
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Example 2. 25 mL of a hydrocarbon were sparked with 85 ml. of 
oxygen. There n-aj an immediate contraction in volume of 37‘5 ml. On 
adding NaOH. there was a further contraction of 50 ml. Find the formula 
of the hydrocarbon. 


Volume of the hydrocarbon taken = 25 ml. 
Volume of oxygen taken = 85 ml. 

Total volume before explosion = 1 10 ml. 

Contraction on explosion = 37'5 ml. 


Volume after explosion = 110—37*5 

= 72-5 ml. 

Contraction in volume on aiding NaOH = 50 ml. 


(This is the volume of 
COa + unused oxygen) 


Volume of carbon dioxide = 50 ml. 
Volume of oxysjen left unused = 72'5— 50 


^ . “22*5 

Total volume of oxygen used = 85 — 22'5 

= 62-5 ml. 

Proceeding further as in example 1 . the volume of water formed comes out to be 
^0 mi. and the molecular formula of the hydrocarbon C..H 2 . 

Example 3. 10 ml. of a gaieous hydrocarbon required for complete 

combustion ^38 ml of air (21 per cent of oxyen by volume) and the gaseous 
occupied 218 nil. (all volumes being measured at N.T.P.) 
*Vhat is the molecular formula of the hydrocarbon ? (Neglect the volume of 
water and use approximation to the nearest whole number of the volume 
of oxygen). Inter 1956) 

Volume of the hydrocarbon « 10 ml. 

Volume of air taken = 238 ml. 

N’olumc of oxygen in air= x 238 49 98 

100 

= 5o ml. 

Volume of nitrogen in air = 238-50 

= 188 mi. 

• Volume after e.xplosion « 218 ml. 

Since 2.^8 nil. of air is required for complete combustion, no oxygen is left unused. 

• The voiiime of 218 ml. consists of COj i- Nitrogen. 

Volume of COj = 218—188 

-= 30 ml. 

and thr fnrm^^ 1 . the volume of water comcs oul to be 40 ml. 

and the formula o| hydrocarbon CaHs. 

..v,. of a gaseous hydrocarbon were exploded with 

excc.ss oj oxygen when there was a contraction of 54 ml. On adding KOH 

oUhc'hvdw^^^^^^ of 54 mi. H’hat is the moUcular formula 

Volume of hydrocarbon taken => 18 ml. 

Contraction on explosion and cooling •=• 54 ml. 

Volume of carbon dioxide = 54 ml. 
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Let be the formula of the hydrocarbon. The equation giving the com ' 

rtion IS . 4- (jc + yl4) O-. — ► Jc CO^ + y^-.O 

I mol. ix + >'/4) mols. x mols. yli mols. 

Applying the converse of Avogadro’s law, 

1 vol (X + y/4) vol. xvol. yl2 vol. 

18 ml. I8(x ml. - f 

That is. 18 ml. of the hydrocarbon react with 18(x+y/4) ml. of oxygen giving 

‘^But^lhf^oiume of CO 2 actually produced is 54 ml. 

1 S ^ » 34 • • ^ ” 3 

Contraction m volume on - Vol. before explosion- Vol. after explosion 

combusion and cooling . 

» [18 + 18(x+y/4) + excess oxygen]— 

[Vol. of CO 2 + (excess oxygen)) 

= l8 + 18(x+W4)-18x 

18x+18(x+>'/ 4)— I8x*54 

>-8 

• Formula of hydrocarbin * CaH^ 

QUESTIONS 

!. What are paraffins, olefins and acetylenes ? Compare and contrast ih; pro- 
rtf the the three types ol hydrocarbons. 

^ 2 Bring out clearly the significance of {/) a single bond (/i) a double boad and 
(iti) a triple bond . , • <, 

3 How would you bring about the following convcriiv.i ? 

Methane into Ethane an 1 vice versa. 

Ethane into Acetylene and vice versa. 

Ethylene into Acetylene and vice ver:»a. 

a How would you convert Methane into tO Ethane (m) Ethylene and («V/) 
Arolvlcne gw" ihra .ypical u-»ts to distinguish bclAucn three compounds obtained. 
How louid >0" 'ITect their leparation il present ,n a miitture ? 

5. Discuss the action of tlie following reigottls on parallins, olefins and acety- 

Gaseous chlorine (i7) Bromine water (-•/) Halogen acids (,V) Sulphuric acid 

(v) Ozone. „i,h a mixture of gases containing carbon dioxide, 

ethylene. Explain with the help of equations, the method 

s-ilrating ue consl.tuenls of the mixture. ^ 

you would adopt lor s. para t, (Panjab huer 1958) 

- vo.i L-lTect the separation of thi constituents of a gaseous mixture 

‘‘“uhC cuyllmc a.Id cal^bon dioxide 7 Explain fully the chem, sir, ol the 

containing ..... how the ssparated constiluents can be tested, 

method you will employ and say now me s,pa {Panjah Inter 1949) 

« -While the p.iraffin hydrocarbons react bv substitution, the olefins r^ct by 
.J- • III t ^trHiLnd explain the siaiement. Point out clearly ihc mam difference 

fn^hfreactio^ onhTfwr^pes of hydrocarbons. (/'m./uh In.cr ,9,6) 

o C. rur)o from Ethane, show how you can obtain (a) Methane (b) Propane 
(c) Ethylene (df Aceiyrcner Mention the imporunt difference, between the types of 

hydrocarbons hydrocarbon required for compl:te combustion 327 ml 

nx\oin bv volume) and tlie g.iseous products occupnd 327 ml. (all 
of air P^'g‘'"^,asured at N.T.P). What is the formula of hydrocarbon > (Neglect 
volumes being measure approximation to the ncarcl whole number ol the 

the volume ol water and use apj (Ans. Gglls) (U./*. /me/- 7954) 

voluine ol oxygen) hydrocarbon were mixed with 30 ml. of oxygen in a cudi- 

omcwr'tubcTnd cxplo^c^* After cooling, the residual gas occupied 20 ml. On adding 


(/) 
(70 
iiii) 

4 - 
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QUESTIONS 


KOH. there was furihcr contractioo to 10 ml. Find the formula of the hydro* 
^j-boD. (Ans. CH4) {Panjab Inter 1960'i 

12. 5 2 ml. of a gaseous hydrocarbon was exploded with an excess of oxygen and 

the product cooled. A contriCtion of 7.8 ml. was observed. A further contraction of 
10‘4 ml was noted on treatment with aqueous potash. Find out the molecular 
formula of the hydrocarbon. UVns. CH4) (Panjab Inter 1957) 

13, 15 ml. of a mixture of hydrogen and acetylene required 19-5 ml. of oxygen 
for complete combustion. Calculate me composition of the mixture by volume. 

(Ans. Hydrogen =9 ml. Aceiylene=6 ml ) (PanJab Inter 1956 Suppl.) 

14 20 ml. of a gaseous hydrocarbon were exploded with 100 ml. of oxygen. On 

cooling to the room temperature, the volume of the gaseous mixture was found to be 
70 ml. Introduction of caustic potash reduced the volume to lU ml. the residual gas 
being only oxygen. Calculate the molecular formula of the hydrocarbon. What likely 
structural formula would you assign to it ? (.Ans. CjHg) (Panjab Inter 1953) 

15, 15 c-c. of a gaseous hydrocarbon was mixed with excess of oxygen (say 90 
c,c.) and exploded in a eudiometer tube. The explosion was fallowed by a contraction 
of45c.c. Introduction of caustic potash into the eudiometer tube brought about a 
further contraction of 45 c.c. What was the hydrocarbon ? 

(.Ans. CjHh) (PanJab Inter 1952 Suppl) 

16 Calculate the composition by volume of a mixture of carbon monoxide and 
methane 10*5 c.c of which required 9 0 c.c. of oxygen for its complete combustion. 

(Ans. CO=8 c.c. CH4=2‘5 c.c.) (Panjab Inter 1955 Inorganic) 

17. 12 c.c of a gaseous hydrocarbon are exploded with an excess of oxygen A 
volume contraction of 24 c.c is observed. Also when the residual gases were treated 
with potassium hydroxide solution a further volume contraction of 24 c.c. is observed. 
What is the formula of the hydrocarbon, given that the volumes of gases were 
measured at 0®C and 760 ram pressure throughout. (Ans. (CyVl^) (Madras Inter 1948) 
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PETROLEUM AND ITS PRODUCTS 


Petroleum is decidedly the most abundant source nf the aliphatic ,-s 
well as cyclic hydrocarbons. It occurs in large amounisas a dark viscous 
oily liquid in underground deposits m dilTerent parts ol the earth. 

Petroleum was known to Red Indians as a thin oily film on the surface of 
petroleum was ^ ^ ^ and was used by them as a mejieament. 

Colond DaJkT i«; r.-porl.d to have drilled the firs, oil wjl at a place irj 
Colonel J ' k .n.and lor petroleum has been ever oa the increase and 

f„'“:;rVconscrvl‘;".rJs.,n,af«'’ A nev branch of knowledge known as 

Petroleum Technology has been developed. 

,n =cr.a,n areas, rnos.ly in .he Uf ^ irassoda.'.r w,t"or' 

generally the firb^bixm gateous mixture is known as natural gas. It is carried by a 
«!work of pip ™ines from the Held to the factory or wherever needed. I. is an 

excellent fuel. 

c rolintries are very fortunate in possessing big oil fields and this has. to a 
Some countries are ^ ^ industrial development and prosperuy. 

very arge extent been It contains nearly 65 percent of the total 

TheU.SA..inparticulan 1^^^^ about 1 1 per cent, 

world s occurrence of Pt Columbia also contain oil fields in decreasing 

Venezuela. Iran ^ twenty-six countries which can be pul on the petroleum 

order.’ In all. there are z excepting those mentioned above, contain 

insignificant amounts, ,or almost all her requirments upon foreign 

the worlds occurrence and dtpc no extensively persued by the Oil^and 

import;, on of India and there is a reasonable hops that fresh oil nelds 

!i.rbe fxplored^nd' -foreign imports will be reduced, if not 

eliminated altogsther. 

Composition Petroleum is a complex mixture of innumerable hydro- 
.«rhnns- 2 aseous liquids and solids. The hydrocarbons are largely of two 
■ (I) the par’airins,rang,ng from the lowest member methane lo the 
behest member and (i.) the cycloparallms, that is, the saturated 

hwlrncabons with ring structures, A certain amount ot aromatic and 
olelinic hydrocarbons is also present. The exact, composition of peiroieum 

varies Kiih the local ion of oilfield. 

The usual composition of natural gas is as given below : 

Melhane 83%, Ethane 9%. Propane 4%, Butane 2%, Higher hydro- 

carbons. 2%. 
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MINING OP PETROLEUM 


OrigiD of petroleom. The origin of petroleum is still uncertain. A 
number of theories have been proposed but none of them is satisfactory. 
According to the modern view, petroleum is formed by the decomposi- 
tion of animal and vegetable remains under pressure and high temper- 
ature, in the interior of the earth. The decompostion is initiated either by 
some bacetria followed by several stages, physical and chemical 
changes, or catalysed by certain inorganic substances persent in the 
interior of the earth. Many chemists believe that both the processes are 
operating at different stages. 

Mining of petroleum. Petroleum deposits occur at a depth of several 
thousand feet (varying from place to place), usually associated with sand 
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Fig. 1. Occurrence and Extraction of Petroleum 


and under different layers and folds of rocks of different types, as 
shown in Fig. I It is only rarely that petroleum gushes out, of itself, 
duo to its own presbure. U.sually a well has to be drilled through the 
various layers till the oil-bearing strata are reached. The petroleum is 
then raised to the surface by means of suitable pumps and transported 
by meanb of pipes to relinenes located far off from the fields. 

Refining of petroleum. The crude petroleum contains a large variety 
of organic compounds of great utility. Till comparatively recently the 
main demand on petroleum was for its kerosene oil which was u>ed for 
lighting purposes. The lighter fractions (low boiling) and heavier 
fractions (high boiling) were considered to be of no use and were thrown 
away. But now with the invention of combustion engine used in motor 
cars, air planes, and in other contrivances the demand for lighter frac- 
tions has increased beyond all proportions. The demand for kerosene 
oil, on the contrary, has decreased with the development of cheap 
means of producing electricity. The tendency, therefore, is to convert 
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kerosene oil and even higher h"LhIr® frYchons for lubrication, 

,nv,lved dW'»,iio« V hlf inlo Udsr fraclions. 
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■ * Fig. 2. (b) Line sketch of the plant 

Fie. 2. (a) Fractionation of characteristics which render 

HifTerent hydrocarbons names of the various fractions, 

them useful for definite P P aDDlications are given in Table 1. 

their boiling ranges an used for the frcictional distill- 

The type of the fractionating of (he plant is shown 

ation is shown in Fig. 2 (a) a column made of steel 

?n Fig. 2(bV ! cr? as to bring about intimate contact 

having perforated over and ‘'the liquid condensing and 

between the vapours 8 v explained in chapter XVIII 

running back down is to concentrate the lower boiling 

the effect "“^ vapour and the higher boding constituents in 

constituents in the rising vap 
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the liquid which condenses and flows down the column. The lowest 
boiling fraction condenses at the top and the highest boiling fraction 
at the bottom, as shown in the figure. Thu^, by using a fractionating 
column of a suitable length, with outlets at suitable intervals, it is 
possible to separate crude petroleum into different fractions as shown 
in Table 1 . 


T.\BLE 1 

Factions obtained from Petroleum 


Serial 

No. 

Main fraction 
with 

boiling range 

Kcfractionated 
products Yviih 
boiling range 

Approxi* 

mate 

Composi- 

tion 

1 

Uses 

1 

. . 1 

Petroltum gases 
— 164° in 30 


Ci-C, 

Fueh, making 
carbon black. 

1 

1 

Gasoline 

30 -200" 

% 

1 

1 

i 

(i) Petroleum elhtr 
(30-90°) 

1 

{ii} Gasoline or 

Petrol (40-200 ) 

i C 5 -C 7 

Ct-Ci, 

Solvent, dry clean- 
ing. refrigeration 

Solvent, 'motor fuel. 

1 

Kerosere oil 

200° -300 

i 

(/) Lamp oil 
(200-250' ) 

(//) Parartio for 
heating 

(Hi) Paraffin for 
tractors 

Cjo~C|o 

1 

Lighting, fuel for 
stoves, manufacture 
of oil gas. 

1 

1 

• 4 

% 

Fuel Oil 

300 -400 

1 

(O Gasoil 

(//) Diesel Oil 

(Hi) Furnace oil 

1 

C]ii— C»o 

Fuel for diesel en- 
gines and tractors, 
cracking stocks. 

1 

5 

1 

1 ubricatinc oil 
350 -4v0 i 

4 

1 

(i) Medicinal oil 

(/■/) Motor oil 

(Hi) Grease 

j 

Cjj) 

upwards 

Paint oil. trans* 
former oil, lubri- 
cation, sizing paper. 

6 

Wax ' 

400 upwards 1 

t 

1 

1 

1 

(/) Petroleum 

(H) Paraffin Wax 

(m) Road asphalt 

(iv) Petroleum cake 

C 04 

upwards 

Ointment, candles, 
paraffin wax for 
maiches, water 

proofing, solid fuel, 
protective paint. 
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2 rrackine of Oils. By the process of fractional distillation, 
hardlv about 20 percent of the petroleum comes out in the petrol or 
casolfne fraction. The demand for petrol as a motor fuel is much higher. 
Therefore a very large amount of gasoline is prepared by converung 
heavier fractions (such as kerosene oil, fuel oil etc.) into gasoline. This 
nrurm oj breaking do^vn of the less volatile higher hydrocarbon '^ojoarles 
hi different t)pes of more volatile lower hydrocarbons is called cracking. 

The cracking is carried out usually in the temperature range lying 
hetween 400 and 700°. The pressure varies from 3 to 50 atmospheres. In 
presence of catalyst, cracking can be done at lower temperatures 

( 400 — 500 ") and lower pressures. 

The chemical reactions involved in cracking are highly comples and 

.on7ewIv ob cu e The process may involve f/; .he rupture ot carbon 
ca bon bonds resulting in the transformation ol a h.rger .nto simpler 
moVeuks ^ of carbon-hydrogen bonds givtng hydrogen 

accomp med by partial carbon, nation. For instance. 


Q,H, 

Piopane 

CnHia 

Octane 


fC^He + H, 

LQH, CH, 

fC.H,., + C.Hs 
Cr.H,, 4- CH, 

CH,o + CH, + C,H, 4- 
C«H,o + H-: 

Synthetic Petroleum 


.. . . ....c fr^r Ihe suDPlv of petroleum and the ever increasing 

ratrat whldr itirbeing consumed, has stimulated attempts to synthesise 
fuels from alternati\c sources. 

rml occurs more abundantly than petroleum, it is not pure carbon 
Coal, occurs m well. But its hydrogen 

come"nt* i'^less^and carbon content is more than that present in liquid fuel 
part of carbon. 

Two processes are employed for the production of synthetic petroleum. 
(ij Bergius Process. 

(ii) Fischer-Tropsch Process. 

(11 Bereius Process. In this process the coal is well pulverised 
mixed with The catalyst (usually an organic compound of tin) and made 
^to a paste with 5i) per cent heavy oil in the m.xer (cf. F<S- 3). It 
is then heated to 400—500° in hydrogen under a p|-essure of 200—250 
atmospheres in the -convertor-. Hydrogenation of the coal takes place 
?«uUing in the formation of higher hydrocarbons. These on cracking and 
simuliaLous hydrogenation produce mixtures of alkanes, Th^ese 
impounds on condensation yield synthetic petroleum or crude oil. This 
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is subjected to fractional distillation in the 
get the various fractions in the usual manner. 


^fractionating colui 




Mil 




Fig. 3. Synthetic Petroleum from Coal by Bergius Process 

(2) Fischer-Tropsch process. In this process the water gas obtained 
by the action of steam on coke 


C + 

Red hot coke 


HoO 

Steam 


CO + Ha 

Water gas 


is mixed with half of its volume of hydrogen so that the gaseous mixture 
consists of carbon monoxide and hydrogen in the ratio of 1 : 2. This 
mixture is then heated to 250® under a pressure of 1 — 10 atmospheres 
and parsed over a ‘cobalt catalyst* when petroleum is formed. The 
reaction may be represented by the equation 

X CO + Ha — ► Mixture of Hydrocarbons + HjO 

(Saturated and unsaturated) 

The synthetic petroleum obtained above is then distilled in the usua 
manner to get petrol, kerosene oil, lubricating oil and paraffin wax. 

Flash Point. Not long ago when there was very little demand for 
low boiling fractions (such as gasoline) of petroleum, the temptation in 
commercial circle was to include these fractions also in the kerosene oil. 
This was highly risky because the lower boiling fractions give off vapours 
which catch fire whenever a flame of any sort is brought near. Thus, 
there was a danger of fire even when a match stick was lighted in the 
surroundings. Therefore, several governments enacted laws according to 
which kerosene oil used for lighting and burning purposes should not 
give off vapour whicli could catch fire below a certain minimum 
temperature, known as the flash point. 

The minimum temperature at which the vapours above an oil give a flash 
of light, when a flame is brought near, is known as the flash point. 
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PETROLEUM AND ITS PRODUCTS 

The flash point flxed for a parti^:ular oU from county 

is r cou'^lry 

like Britain. p . . * 

DetermiDation of Flash • 

simplified form of Abel’s 
determining flash point is - . ^ 

Fie 4 The oil is placed in a beaker 

which is fitted with a wide ‘’“'ed cork^ 

WO platinum electrodes . 

thrcorkand are held just above ihe 
oil at a distance of 5-10 mm. from 
each other as shown. A thermometer 

also passes through the cork 
• rtii There is an arrangement 

for stirring as well. A small watch glass 

covers the wide hole in 'he cork. 

The water bath is gradually heated 

The platinum electrodes 
to an induction coil and i>P“'king is 

allowed to take vTpour 

l'‘itlcatch’’fi°;e‘and^C to expansionrthe 
wi ch glasf will be lifted with a gentle 

Gas. The oil gas "[.i„'g‘of kerosene oil. The plant is 

laboratory is ofl is introduced gradually into the 

shown in Fig- 5. The |,^atcd strongly and gels cracked, that is 

.■ir— ... ..... 

1 -I 
•1 . 



Fig. 4. Abel’s Flash Point 
apparatus. 
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- 
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Fig. 5. Preparation of Oil Gas tor use io the laboratory. 
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QUESTIONS 


matter of volatile nature is also produced at the same time and gets 
mixed up. The gas, therefore, passes through a hydraulic siphon where 
tar condenses as daik oily liquid. The gas is finally collected in big 
metallic gas holders over water and conveyed to laboratory through 
pipes, whenever required. ^ 


Petrol Gas. When only a small supply of gas is needed and that too 
occasionally, it is more convenient to instal a petrol gas plant. In this 
plant, the petrol is converted into lower gaseous hydrocarbons by the 
usual process of cracking. The petrol is converted into vapour and passed 
through electrically heated coils when petrol gas results. 


QUESTIONS 

Obnined frnm'i. * describe the various fractions 

obtained from it and mention ihe industrial uses to which they are put. 

How^is s^sSiieVuHfied'^"' P'*™'™"’- 


3. Petroleum is liquid gold”. Justify statement, 
by crack^ng*^'^ cracking. Describe how gasoline and oil gas can be obtained 

fur iL dete™ina“ ion'orS polm"' '"’P°''“"« '' a simple method 

Wha^ is ^etrof gas ? laboratory for heating purposes ? How is it prepared ? 


Petrol obtained from petroleum ? Enumerate the by-products and 
■ (Panfab Inter 1961 Snppl) 

fractions obtained during refining of petroleum. To 
what commercial uses arc they put ? ^ (Panjah Inter 1959) 

9. l-.xplain the following terms as used in petroleum Industry : 

(') '’oini (//, Gasoline 

(m Cracking of oils (/.) Benzine 

Give the utility of each. (Ponjah Inter 1953 Snppl.) 

10. li.vpUiin uhat you understand b\ the terms : 

(0 Natural gas (/V> Cracking of Oils (//V) Flash point. 

Clive an elementary idea of getting synthetic petrol. {_Paiijab Inter 1952 Snppl,) 

^ '■‘■^t’king is said to be breaking up larger molecules into simpler ones.” 
comment upon the statement with suitable e.xamples. 

Enumerate applications of cracking. 

in • ,^*^*'* briefiy fractionation o! petroleum. Name the fractions and mcntloQ 
mdusinal uses to uhich !he> are put. (Panjah ■ T.D.C Part I 1964 S) 
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HALOGEN DERIVATIVES OF PARAFFINS 


Halof en derivatnes of ■bon'v These 

or more hydrogen ntom> of *J\' .lj, 2 en derivatives depending upon 
are named as moH’. c/'- - .uX niolecule. Since these halogen 
renumber of haloaen ' 1, or groups, .he haloge.r 

at^s can be easily .cagents m organic chemistr>. 

„„.o 

Th,: s.»ml t»;““ ”,I,;1 ‘J„“'''k.''"" x‘,'''o!;to,.» •'•>” 

radical such as methyl, ^t'ly . V H. 

T„erearo.wo«..ys u, wh.ch these compounds c.tu 
Nomenclature. There aiv 

be named : This is based on the name of the alk>i 

fi) Common nonieiiclaiur ^ compound. For example, 

\\/-A 'ind on the halogen at^ P .. csllcd clhyl broinid<? 

cT Cl is called nietbO ‘to a'primarv or a secondary or a 

Furihcr, if -be halogen atom^u;tt.ach.^ 

tertiary ’ alkyl halide. 

nnrmal or ISO o! teitia i J Accordincto I. f'.C. system, these 

(iii 1. V. C. '‘'’".“’''^'"'Xtitution products of the corresponding 
compounds are "‘>""=,1',. ' K menlioned before that of the alkane 
alkanes. The name o he number. The names 

, and the position 'Y f ' m dnm to the above t«n systems are given belon 
of a few compounds aceorui g 

^ , Common name i.u.r-.mni 

Formnlo 


CTlaCl 

^■"‘YcHct 

CH/ 


Methyl chloride 
t ihyl biomide 
n-l’fopyl iodide 

Isopropyl chloride 


t hloromethano 
Bromoethanc 

1- Iodopropanc 

2- Chloropropune 
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GENERAL METHODS OF PREPARATION 


CHaX 

CH3~C.Br 

CH3/ 


Tert. Butyl bromide 


2-Bromo 2-methy] 
propane 


General Methods of Preparation. 1. From alcohols. The most 
convenient method of preparing alkyl halides is by replacing the hydroxyl 
group of an alcohol by a halogen atom. 


(i) Alkyl chlorides, but not bromides and iodides, are obtained by 
saturating the alcohol with hydrogen chloride gas in the presence of 
anhydrous ZnClj which acts as a dehydrating agent (Groves method). 



ROH + HCl 

Alcohol (Gas) 

CaH^OH + HCI 

Ethyl alcohol Gas 


Anhy. ZnCI* 

— H2O 
Aoby. ZnClg 

— HoO 


R.Cl (v.g.) 

Alkyl chloride 

C2H5CI 
Ethyl chloride 


(a) All halides (chlorides, bromides and iodides) can be prepared by 
passing a mixture of alcohol vapour and hydrogen halide over heated 
alumina. For example, 


AI ‘»03 

C3H5OH -f HCl — ► CsHsC) + HaO 

Ethyl aicohol (350°) Ethyl chloride 

(Hi) In the laboratory, alkyl bromides (or iodides) are prepared by 
heating the alcohol with a mixture of potassium bromide (or iodide) with 
concentrated sulphuric acid, e.g., 

C,H;OH + KBr + H.SOj — ► C.HjBr + KHSO, + H,0 (v.f.) 

Ethyl alcohol Ethyl bromide 

For belter yields, sulphuric acid is replaced by phosphoric acid. 

(iv) Alkyl halides can also be prepared by the action of phosphorus 
halides on alcohols. 


ROH + PCI5 — *• RCl -I- POCI3 + HCl 
e.g., C.H.OH + PCh — CaHjCl + POCI3 + HCI 

This is a very convenient method for the preparation of alkyl halides 
Yields ate e.xTW/t’/j/ for primary alcohols, and good for secondary and 
tertiary alcohols. 

2. From olcftns. Alkyl halides can also be obtained by the addition 
of hydrogen halides to an olefin. For example, 

CHa^CHa -}- HBr — ► CaH^Br 

Ethylene Ethyl bromide 


CHa^CH. + HI — ► CaHJ 

Ethylene Ethyl iodide 

In case of higher members, addition of hydrogen halide is governed by 
\farkowmkoff's rule. 
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C«H,1 + KHSO 4 
Eihy’l iodide 


% Frnm alkanes, (i) Direct halogemtion. Alkanes can be converted 

into alkyl halides by treatment with halogens in the presence 0 ig an 
teat or a catalyst. For example, 

CH, + CU — CH^Cl + HCI 

Methane Methyl chloride 

However, this method yields a mixtu'e of^ halides such as CHXI^, 
CHCla, etc., and is of little utility. 

(ii) By ireatmen, wi,h sulpimryl chloride Recently chloimadon ot 
alkanes has been carried out by means of sulphuryl chloride (SOrCg m 
the presence of light and a trace of an organic peroxide (catalyst), -g.- 

C,H, + SO..CI, -H. QH.CI + HCI + SO, 

Ethane ^ ' Ethyl chloride 

4. From other Sources. Alkyl halides c.m also be obtained from alkyl sulpha 
and silver salts of fatty acids as shown below . 

(/) From alkyl sulpha,, r. By the action of metallic halides in aqueous soluuon. 

t 1 (/ ucn. 

C,H»HS04 + k.1 — 

Ethyl hydrogen 

,,0 From sllJ2Tf-"y ‘•Cids By the aelion of chlorine or bromine (no. 

RCOOAc + Br, — >■ RBr 4 CO, + AgBr 

Silver salt of 
fatty acid 

. , QH.COOAg . Br. — C.H.Br i- CO. 4 AgBr 

Silver prop.ona^ .members, methyl chloride, methyl 

Physical p.,.es under ordinary condition^. Methyl 

bromide and ethyl chloride . P members arc colourless, pleasant 

“ fcwS ■" 

organic solvents. 

. ^ ^ Aiov/i halides are extremely reactive organic 

Chemical Properties Alky ^ combination with the 

compounds because the halog ^ all other groups or 

sr ‘vzr. s.. "" 

alkyl halides as ,,hen reduced hy im 

nn.nw,give paramns. 

ax + H.H -^h + hx 

^ „ H C,H, + HBr 

C,H,Br + H.H 

Etbyl bromide 
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CHEMICAL PROPERTIES 


(ii) When treated with sodium metal in the presence of dry ether ^ two- 
molecules of the alkyl halide join to form higher paraffins (Worte* 
reaction). 

Dry ether 

R X -h 2Na + X R — ► R~R + 2NaX 


Dry ether 

e.g., C 2 H 5 Br -f- 2Na + Br QHs — ** C.Uyf, + 2NaBr 

n*Butane 

2. Preparation of olefins. When an alkyl halide is heated with 
alcoholic potash, a molecule of the hydrogen halide is eliminated resulting 
in the formation of olefins. For example, ethylene can be obtained from 
ethyl halides : 

KOH ale. ^ 

CH.Br — CH-j^CH, -h KBr +H80 

Eth>l bromide — HBr Ethylene 

3. Preparation of alcohols. When treated with aqueous potash or 
moist silver oxide, viz., AgOH, the alkyl halides yield alcohols. 

RX -h KOH aq. — ► ROH + KX 


e.g., Br K OH aq. 

tthyl bromide 


CjHjiOH -f KBr 

Ethyl alcohol 


CH., Hr -f Ag OH CgHjOH + AgBr 

Ethyl bromide Ethyl alcohol 

4. Preparation of ethers. When heated with dry silver oxide or with 


sodium alcoholatcs, alkyl halides give ethers. 


2RX 4 AgaO 
RX RONa 

Sodium alcoholatc 


R-O-R 4- 2AgX 
R-0— R 4- NaX 


C..H. Br 


* . W., 


+ Ae. O 


C.H, Br 

to 


C,H, 

C.H, 


\0 4- 2AgBr 


l.thsl bromide 


Diethyl ether 



+ Nil OCiH, 


Ethyl bromide 


Sodium ethoxidc 


CsH^OCjHr, 4- NaBr 
Diethyl ether 
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5 Preparation of amines. When heated with an alcoholic solution oj 

ammonia in a sealed tube, alkyl halides give a mixture ol 

dary tertiary amines and the quaternary ammonium salt. For example, 


QHs 

Br -t- H NHo — 

C.HsNrfo 
Eihyl amin; 

+ 

HBi 

CoHeBr 

CoH.NHg 

— (C2H-,),NH 

Diethyl amine 


HBr 

CoH.Br 


— (CoHJaN 

Tricthyl amine 

- 

HBr 

C3H.,Br 

+ (C,H5)dN 

— (C.H-^^.NBr 

1 etra ethyl ammonium 


bromiJe 

6 Preparation of nitriles (cyanides), carboxylic 
and amides. On treatment with an alcohohe sotniton of jro- 

alky> halides give the corresponding cyanides Lids 

lysis in the presence of mineral acids in ^ amine^. Partial 

and on reduction with sodium and alcohol, a p < > " 
hydrolysis of alkyl cyanides yield the corresponding amide-. 

4- KX 


R-X + KCN 

RCN P 2H,0 
e.g.. CM, Br K CN 

C..HXN + 2H.,0 


HCI 


MCI 


C,H,,-CN 

l:th>l cyanide 

C,H.-CN H.O 


Rc Juclion 
Na'C-H.-.OH 


RCN 


RCOOH + NH,Cl 
CoH CN I- Kill- 

rthyl cyanide 

C.H .COOH J NH.Cl 
Propionic acnl 


CdH,CH2.NH. 

Propylamine 

C.H^CONH, 

Pfopionamidc 


NInre the conversion of an alkyl halide into alkyl cyanide involves the 

Mhinn ^ on^^ into the molecule, it places at our disposal a 
addition ol one csi , series / e the conversion of a lower 

fimo"lte"ldghefne. For example, methyl alcohol (a derivative ol 
Sane) ca^b^ converted into ethyl alcohol or acet.e aetd (both 

derivatives of ethane) as follows : 

P + I, 

Mefh“a?cLlol ^ Methy^tdide 


CH;,CN 

Methyl cyanide 
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Reduction 

CH3CN — ► 

Na+alcohot 

HONO 

CHsCHjNHa — 

Ethyl amine 

Hydrolysis 

CH3CN + 2H2O — » 

Methyl 
cyanide 


CH3CH2NH, 

Ethyl amine 

CH3CH2OH + Na + H2O 
Ethyl alcohol 

CH3COOH + NH3 
Acetic acid 


7. Preparation of isocyanides. On treatment with silver cyanide 
alkyl halides give alkyl isocyanides. ' 

RX + AgCN — ► RNC -f- AgX 

e.g., QHgBr + AgCN — ► C 2 H 5 NC + AgBr 

Ethyl bromide Ethyl isocyanide 

8 . Preparotion of esters. Alkyl halides react with silver salts of fatty 
acids yielding the corresponding esters. 


R.COO Ag ^ — ► R.COOR' + AgX 

e.g; CH3COO Ag + Br C.Hg — CH3.COOC3H5 -h AgBr 

Silver acetate Elhyl bromide Ethyl acetate 

■ f of nitroparaffias and alkyl nitrites. When distilled 

vj\u\ Sliver nitrite, the alkyl halides yield a mixture of nitro paraffins and 
alkyl nitrities, the main product being the nitrO'Corapotind. 


RX + AgNO, 



R— N 


Z' 


o 


R— O— N=0 


Nitro paraffin 
Alkyl nitrite 


With potassium nitrite the main product is an alkyl nitrite. 


ixX + KNOg — R— O— N =0 

18. Preparation of organo-metallic compounds. Alkyl halides on 
treatment with active metals like magnesium and zinc give rise to organo- 
metallic cornpouiuls. For example, 

(i) On treatment with pure magnesium in the presence of dry 
ether, an alkyl magnesium halide, known as Grignard reagent, is pro* 
duccd. 

Ether 

RX + Mg — *. RMgX 

e.g., CaHsBr + Mg — ► CoHjMgBr 

Ethyl bromide Ethyl magnesium 

bromide 
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(<7) On distilling with zinc filings in an atmosphere of carbon dioxide, zinc, 
alkyls ate formed. For example, 


CoHjBr + Zn 
Ethyl bromide 

2C2H5ZnBr 


C2H5ZnBr 
Ethyl Zinc bromide 

(CoHjIjZn + ZnBr2 
Dicih>l zinc 


reagents 


These organo-metallic compounds are extremely important synthetic 
ents and are used for preparing a large variety of organic compounds. 


preparing a large variety ol organic compounds, 

INDIVIDUAL MEMBERS 

Methyl Chloride or Chloromelhane, CHaCi 

Preparation. Methyl chloride is prepared on an industrial scale by 
the following methods : 

fl) By the action of hydrogen chloride gas on methyl alcohol in the 
presence of anhydrous zinc chloride (Grove's Process) 


CHgOH + HCI (gas) 

Methyl alcohol 


ZdCU 


CH 3 CI + HjO 
Methyl chioiidc 


(2) Bv the direct chlorination of methane. Methane, when chlorinated 
in the presence ol cupric chloride, gives methyl chloride. 


CH4 + Cl 


CH3CI + HCI 


To avoid the formation of CH^Cl. CHCL and CCl,. chlorine is diluted 
with nitrogen in a suitable proportion. 

(3) By heatim trimethyl amine hydrochloride with hydrochloric acid 

at 360^ under pressure. 


(CH3)3N.HC1 + 3HC1 


3CH3CI + NH.Cl 


Properlics and Uses, Methyl chloride is a colourless gas with a sweet 
smell II is fairly soluble in water and readily so m ethyl alcohol. Liquid 
Syl chloride boils at -24”, It gives all the reactions of a typical 
alkyl halide (cf. chcmic.il properties of alkyl halides). 

It is used (i) in the manufac'urc of amine dyes (ii) as a refrigerant 
////) as a local anaesthetic (iv) as a methylating agent (v) as a solvent 
for the extraction of perfumes and (vi) as a lire extinguisher. 

Ethyl Chloride or Chloroclhanc, C2H£.C1 

Ethyl chloride is prepared on a commercial scale by the following two 

processes : 

(1) By the action of hydrogen chloride gas on ethyl alcohol in the 

oresence of anhydrous zinc chloride. 

^ ZnClj 

C,Hc,OH + HCI (gas) — » CgH^Cl + HgO 
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ETHYL BROMIDE 


(i) By the addition of hydrogen chloride to ethylene in the presence 
<if aluminium chloride {catalyst). 

AICI3 

C.H, + HCl — CHjiCi 

Properties and Uses. Elliy! chloride is a sweet smelling gas under 
ordinary conditions. Liquid ethyl chloride boils at 12*5®. It gives all 
the reactions typical of alkyl halides (see general properties). 

It is used (i) as a local anaesthetic (iij in the preparation of 
tetraethyl lead (Hi) as refrigerant and (ivj as an ethylating agent. 

Kthyl Bromide or Bromoethane, C 2 H .Br 

Preparation Ethv! bromide is prepared on a large scale by passing a 
mixture of ethylene and hydrogen bromide vapour through a suspension 
of aluminium bromide in ethyl bromide (catalyst) at a low temperature. 

AlBr, 

C^H; r HBr — CoH.Br 

(ii) Laboratory preparation. In the laboratory, ethyl bromide is/ 
cunveniently prepared by distilling a mixture of potassium bromide, ethy 
alcohol and concentrated sulphuric add. 

KBr -f- H.HSOj — - KHSOi + HBr 
C 2 H 5 OH + H -Br — 

Ethyl bromide 

Tiie apparatus used for the purpose is shown in Fig. 1. 



ADAPTER 


Fig. I. Preparation of ethyl bromide. 
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60 gm of ethyl alcohol is mixed with 50 gm. of water in a ooc-Iitre round-bottom 
flask and 200 gm. of concentrated sulphuric acid is added gradually by constant 
shaking and cooling. 100 gm of powdered potassium bromide is then added, shaking 
and cooling being continued. The flisk is connected wiih the condenser and rapid 
distillation is carried out b/ heating the flask on a sand bath. I thyl bromide di-tils 
over and collects as a heavy ody liquid in a receiver which is kept .n ice bath. 
Distillation is coniinucJ till oo more oily drops fall mio the receiver 

Ethvl bromide is separated from water by means of a jeparatirg funnel it is 
washed first with its o\sn volume of water, then with a dilute .soluiion of sodium 
carhona»e and finally with watt r This is done to tree it from bromine, hvdrobromic 
acid and alcohol HihvI bromide so t>biained is iransferred lo a dr> conical llask and 
some anhvdrous granuhr calcium chloride is added toit When the liquid b:come> 
clear (usually ifter 3-4 hour.'!, it is dccame l into a distillation lla^k and redi- 

tilled Pure eths I bromide dl tils over at about 38 —.39 '. It is ‘sealed in a glass tube. 

Properties and I’ses. lliliyi bromide is a co)ourle')^ liquid wiih a 
pleasant smell. It boils at oSM". In chemical properties it resembles 
cth>l chloride (see general properties of alkyl haltdes). 


It is used as an 


ethylating agent as well as a reagent lor organic 


syntheses. 


DIHALOGEN DERIVAllMiS 


Dihalogen derivatives arc obtained by the replacement of two hydrogen 
atoms of the paraflins by halogen atoms. For example, CH.Ll,. 
dichloromeihane or methylene chloride, is obtained from methane. 

When two halogen atoms enter the molecule of an alkane other than 
methane they may attach to the same or to ditrerent carbon atoms. 
When the halogens are linked to different carbon atoms, the compounds 

are called alkylene dihalides. For example. 


I 1 

Cl Cl 


Ethylene dichloride 
or 

1 , 2 Dichloro-ethane (I.U.C. System) 


When the two halogens are attached to the same carbon atomy the 
resulting compounds arc named alkylidenc dihalides. For example, 


CH.-CH-CI 


Cl 


Ethylidene dichloridc 
or 

1, I Dichloroithine (I.U.C. System) 


Ethylene Dichloride (/, 2 Dicbloroethane,) CH^Cl-C^.d 
It is obtained : 

fi) By the addition of chlorine to ethylene. 

CH2 = CH2 + Clj ^ CH 2 CI— CHjCI 
Ethylene Ethylene dichloride 

fii) Bv the action of hydrochloric acid on glycol. 

CH.,OH CH 2 CI 

I + 2HCI — ► I 

OH CH 2 CI 

Q\y\^\ Ethylene dichloride 
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ETHYLIDENE DICHLORIDE 


Ethylene dichloride is a colourless, pleasant smelling liquid boiling at 
84°. It gives all the reactions of alkyl halides. Thus, both ^lonn» 
r^n he r^jlaced bv H.— OH, — NHa, or — CN, on interaction with hydro- 
gen, aqueous potash, alcoholic ammonia or potassium cyanide respectively^ 
under suitable conditions. For instance, 

CH2CI 

1 

CH2CI 

Ethylene dichloride 

CH,. Cl + H NH, 

CH, Cl + HNHa 

Ethylene dichloride Ammonia Ethylene diamine 

On treatment with alcoholic potash, It yields acetylene 

Q\ 2KOH alcoholic CH 


2KOH (aq.) 

CH 2 OH 

1 

Heal 

CHoOH 

Glycol 

Alcoholic 

CHaNHfi 

ammonia 

j 

CH 2 NH 2 


1 


-h 2K.C1 + 2H,0 


CHoCl -2HCI Cfi 

Ethylene dichloride Acetylene 

Ethylene dichloride is a stable, non-flammable liquid and is used as 
solvent for fatty materials and also in the 

Ethylene dichloride combines with sodium lelra-sulphide. Nagb*. to lorm 
thiokol used as a substitute for rubber. 

Ethylidene Dicliloride f/, 1 Dichloroethane)^ CH 3 CHCI 2 

It may be prepared by the action of phosphorus pentachloride on* 
acetaldehyde or by the addition of hydrochloric acid to acetylene. 

CHvCHO -h PClj — ► CH 3 CHCI 2 + POCI 3 

Acetaldehyde Ethylidene dichloride 

Flhylidene dichloride is a colourless liquid boiling at 57 3°. It 

reactive than ethylene dichloride- When boiled with aqueous potash it 

gives acetaldehyde. 

/OH 

CH3CH<oh 
Unstable 


CH3CHCI2 + 2KOH 
Ethylidene dichloride 

.OH 


+ 2KC1 


CH,CH 


\ 


— HjO 


OH 


CH 3 .CHO 

Acetaldehyde 


With alcoholic potash, it also gives acetylene. 


2KOH alcoholic O 

ru rur\ •• CH=CH + 2KC1 + 211,L7 

EtMidJne dichloride -2HCI Acetylene 
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The distiective features of ethylene dichloride and ethylidene 
dicWonde are summed up m Table 1 . 


TABLE 1. 

Distinctive features of and CHjCHClg 


Property 


1. Boiling Point 

2. Hydrolysis with 
aqueous potash. 

3 Reaction with active 
metals like zinc or 

magnesium. 


Ethylene dicbloridc 
C2H4CI2 


84° 

Gives glyco I 
Gives ethylene 


trihalocen derivatives 


Ethylidene dichloride 
CH.CHCL 


57 3° 

Gives acetaldehyde 
Gives butylene 


1 — 

methane. These are . 

CHCU Trichloromelhane or chlorolorm 
CHBrg Tribromomethane or bromotorm 
CHIj Tri-iodomeihane or iodoform. 

out of these, chloroform and iodoform are more useful and are des- 
cribed below. 

Chloroform, Trichloro.uetl.anc CUCl, 

on a^commefcial scale bj hSdnTcthyl alcohol (or ace.one) with bleach- 

T^macion is extremely complicated and fhe mechanism is obscum 
The equations which are usually given to represent the reel, on bet- 
ween alcohol a,id bleaching powder ...volvc . 

The oxidation of ethyl alcohol to acetaldehyde. 

CH;,CH[-jOIl 4* t Acetaldehyde 

Ethyl alcohol i ^un 

r^urun A- 3CU — CCI 3 .CHO + 3HC1 

CH3CHO + - Chloral 

Acetaldehyde 

(Hi) 


(i) 

(ii) 


2CCI3CHO + Ca(OH); 

Chloral 


2CHCI3 + (HCOOj^Ca 

Chloroform 



332 


CHLOROFORM 


In the case of acetone, the first product is trichloroacetone which is 
then hydrolysed to chloroform and calcium acetate : 

CH3.CO.CH3 + 3CI2 — CCI3.CO.CH3 + 3 HC 1 

Acetone Tricbloro-acetone 

2CCl3.CO.CH3 + CaCOH), — 2CHC)3 + {CH^COO).Ca 

Chloroform 



Laboratory preparation. The apparatus used for the laboratory pre- 
paration of chloroform is shown in Fig. 2. 

About 100 gm. of bleaching powder is rubbed with about 400 ml. of water so as 
to get a thin paste of the material which is transferred to a two-litre round-bottom 
flask fitted with a condenser, an adapter and a receiver as shown. 25 ml. of alcohol 
or acetone is now added 10 the flask which is heated gradually on a sand bath. The 
distillate contains a mixture of water and chloroform which is ^parated by a separa- 
ting funnel. The chloroform layer is washed with dilute alkali, dried over anhydrous 
calcium chloride and then redistilled. The fraction passing over between 60®— 65® is 
collected. 

2. Pure chloroform can be obtained by the action of aqueous alkali 
on chloral hydrate. 

CC1;,CH(0H)3 + NaOH — ► CHCU -f HCOONa + H.O 

Cliloral hydrate* Chlorofoim 

3. In the U.S. A., chloroform is now manufactured by the reduction 
of carbon tetrachloride with iron filings and water or with iron and dilute 
acid. 


Fe 

CCI4 + 2 H — ► CHCI3 + HCl 

H2O 

But the chloroform so obtained is not pure and is used only for solvent 
purposes and not as an anaesthetic. 
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Physical Properties. Cliloroform is a colourless liquid (b.p. 61') with 
a peculiar sickly sweet smell and sweetish taste. It is sparingly soluble in 
w'aier but dissolves readily in alcohol and ether. It is a very good 
solvent for many organic substances such as oils, lats, resins, etc. Under 
usual conditions it is not combustible but its vapour may be ignited which 
burn with a green-edged flame. Chloroform vapours when inhaled, 
produce senselessness hence it is used as a general anaesthetic. 

Chemical Properties. The important reactions of chloroform are : 


(1) Oxidation In the presence of air and light, chloroform slowly 
decomposes into hydrogen chloride and the very poisonous phosgene. 


COCl,. 

Cl 

Cl 


I 

light I 


Cl— C-H -1- 

— CI-C-0 H - 

COCl., + HCl 

1 

Cl 

air I 

Phosgene 

Cl 



To avoid the formation of phosgene, the chloroform meant for 
anaesthetic purposes is stored in well-stoppered, dark blue or brown 
bottles. The addition of 1 per cent of ethyl alcohol is known to retard 
this decomposition. 


(2) Reduction. When reduced with zinc and hydrochloric acid, 
methylene chloride is obtained while on reduction with zinc dust and 

water, methane is obtained. 




Zn/NCl 

CHCU 

Chloroform 

-h 2H 

Zn dust 

CHCU 

Chloroform 

+ 6 H 

H,0 


CH2CI3 i- HCl 

Mcih>lcne chloride 

CH 4 + 3HC1 


^niorojoiiij 

(3) Chlorination. When treated with chlorine in the presence of sun- 
light, carbon tetrachloride is formed. 


Sunlight 

CHClj + CI 3 — CCl, + HCl 

(4) Nitration. When treated with concentrated nitric acid, chloro- 
from gives chloropicrin (nitrochloroform). 

CCf, NO, -f H .O 

Chloropicrin 

Chloropicrin is a poisonous liquid (b.p. 112") and is used as an 
insecticide. 

15) Hydrolysis When heated with concentrated aqueous or alcoholic 
potash, chloroform is hydrolysed to give potassium formate. 


cue- H + HO NO, 
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y a 


K 


H— C— 

\ 


Cl + K 
Cl K 


OH 

OH 

OH 


H.COOK + HaO 

Potassium formate 


KOH 



yQH 

H-CCOH 

\OH 

Unstable 

j -HaO 
HCOOH 

Formic acid 


+3KCI 


(6) Carbylamine reaction. When warmed with aniline and alcoholic 
potashy chloroform gives phenyl isocyanide or carbylamine which has an 
extremely disagreeable nauseating odour. 


^ H \ 3 KOH (ale.) 

CeH,N< + 5 >C — CeH,NC + 3KCI + 3HaO 

^ H / — 3HC1 Phenyl isocyanide 

Cl (CarbylamiDe) 

Aniline Chloroform 

This reaction is used as a delicate qualitative test for chloroform. 

Instead of aniline, any primary amine (R— NH*) can be used and 
hence this reaction is also employed as a test for primary amines. 

(7) Condensation with acetone. Chloroform readily condenses with 
acetone in the presence of potassium hydroxide, giving chloretone which 
is used as a hypnotic, particularly against sea sickness. 

CHav CHav .OH 

>C=0 + H.C.CIa — ► >CC 

CHa*^ Chloroform CH 3 ' CCI 3 

Acetone Chloretone 

(8) Dehalogenatlon. When warmed with silver powdery chloroform 
loses six chlorines from two molecules, giving acetylene. 


y a Cl \ 

H-C- Cl + 6Ag + Cl -C-H 
Cl Cl / 


CH=CH + 6AgCI 

Acetylene 


Uses . Chloroform is used : 


(1) In industry as a solvent for fats, waxes, resins, rubber, etc, 

(2) As a general anaesthetic. (Since chloroform has a strong tendency 
to inhibii the action of the heart, it is being replaced by other anaesthetics. 

(3) As a preservative for animal or vegetable infusions or decoctions. 

(4) As a laboratory reagent for testing the presence of primary amines. 

(5) Chloroform also finds extensive use in medicine. 
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CHaCH.OH + I2 
Ethyl alcohol 


'Iodoform, Tri-iodomethane, CHI3 

Laboratory Preparation. Iodoform is prepared in laboratory by 
the action 7iodine and alkali upon ethyl alcoho or 
mechanism of the reaction is the same as in the case of chloroform, 

CH3.CHO + 2 HI 

Acetaldeydc 

CH 3 .CHO + 3 I 2 — *• CL.CHO + 3HI 

Tri-iodo 

acetaldehyde 

CI3.CHO -F NaOH — *- CHii -r H-COONa 
Sodium carbonate can also be used in place of sod.um hydroxide when 

' Details. 15 gm. of rarbon" tf ° 

!l?^:ro?So™h;;nhrad5ed'and.hcmis,UK^ 

Is added pradua ly by On tooling, yellow crystals of 

WUH «.e? and recrys.Ulised 

from alcohol. 

/- Prpnamtion. On a commercial scale, iodolorm is now 

hv the electroylsis of an aqueous solution of ethyl alcohol 
prepared by the eiea y potassium iodide. The solution is 

conta.n.ng odmm iodine is set free at the anode 

Tnd plssium hydroxide is formed at the cathode. This is neutralized 
by passing gaseous carbon dioxide. 

The iodine liberated reacts with ethyl alcoho! in the presence of 
sodium carbonate to form iodoform. 

Physical Properties. Iodoform crystallises in l‘‘sirous. yellow '«agon.a 

and ether. 

Chemical Properties. In chemical properties it resembles chloroform 
and Hives almost the same reactions. For example, 

(1) Hydrolysis. When boiled with alcoholic or aqueous solution of 
caustic potash, it is hydrolysed to potassium forniaie^^^ 


/ I K 
H-C— I 4 - K 
\ I K 


OH 

OH 

OH 


H-C-OH + 3KI 
\OH 

Unstable 


I 


-H2O 


H.COOK 

Pot. formate 


H,0 


KOH 


H.COOH 
Formic acid 
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(2) Carbylamine reaction. When warmed with aniline and alcoholic 
potash It gives phenyl isocyanide or carbylamine which has an extremely 
disagreeable nauseating smell. 



H 

I \ 

I >C 
I / 


3KOH ale. 

> QHsNC + 3Kl 4- 

— 3HI Phenyl isocyanide 

or carbylamine 


3HjO 


(3) Debalogenation. When warmed with silver powder, iodoform loses 
six atoms of iodine from two molecules, giving acetylene. 


/A I \ 

H— C— 1 + 6Ag + I — C— H 

\ ^ I / 



HC = CH + 6AgI 


Acetylene 


(4) Reduction.Oo reduction with HI and red phosphorus, it gives 
methylene iodide. 


CHI3 



CH.U 

Methylene iodide 


Uses. Iodoform is extensively used as an antiseptic for dressing wounds. 
Its antiseptic properties are due to the liberation of iodine when it comes 
in contact with organic matter and not to iodoform itself. 


TETRA-HALOGEN DERIVATIVES 
Carbon Tetrachloride, CCIj 

Preparation. Carbon tetrachloride is prepared on a commercial scale 
by the following methods : 

(1) By the chlorination of carbon disulphide in the presence af alum- 
inium chloride (or antimony pentachioride or ferric chloride,) which 
acts as catalyst or halogen carrier. 

AICI 3 

CS^ + 3 CI 2 — ► cell + SjCIa (sulphur monochloride) 

The sulphur monochloride (b.p. 138°) is separated by fractional dist- 
illation, and reacted with a further quantitv of carbon disulphide to yield 
carbon tetrachloride. 

2 S 3 CU 4 CS. — CCIi 4 6 S 

The carbon tetrachloride fraction is then shaken with sodium hydroxide 
and llnally distilled to get pure carbon tetrachloride. 

(2) By the chlorination of natural gas (methane) in the presence of 
partly reduced cupric chloride (catalyst) using a proper ratio of chlorine 
to methane. 


CHi 4 4Cla 


CCli 4 4HC1 
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'■"• * "• ’“ii£. cS. siSw; ’"“ 

chloride ethane 

hexa chforo-ethane is a solid substance and can be easily separated. 

PhvMcal Properties Carbon tetrachloride is a colourless 

sSSs.= -'s; ss: 

solvent for oils and fats. 

Chemical Properties. Carbon tetrachloride is comparatively inert and 
gives only a few reactions such as ; 

(1) Hydrolysis. When heated with alcoholic potash, it is hydrolysed to 
give potasLm'curbonaie and potassium chloride. 


/ 
C < 

\ 


Cl 

Cl 

Cl 

Cl 


+ 


K 

K 

K 

K 


OH 

OH 

OH 

OH 


OH 

c<Ch 

\OH 


2KOH i 

COo + 2HoO 


Unstable 

2KOH __ I. 

K.,CO, - H,0 

(2) Reduaion. It is reduced to chloroform by moi.t iron filings. 

CCh + 2H — *• + HCl 

^ Chloroform 

rtt Ovidation Ca.bon tetrachloride is stable even at red heat (500 ). 
But^ in^ plescnce of water vapour a. this h,gh temperature, ,t ts 

partially oxidised to phosgene. 

500° 

CCl, f HjO — *• COCl^ + 2HC1 

Phosgene 

\Ucs (1) Carbon tetrachloride readily produces dense, incombusti- 
hie vapour' hence it is used as a fire extinguisher under the name pyrene. 
The liquid ’when sprayed on the fire produces a dense blanket of vapour 
■between the burning material and air and thereby the fire is put out. 

<;ince the vapour of carbon tetrachloride are non-flammable, it is 
■extensively used as an industrial solvent for fats, oils, resins, lacquers, etc. 

(3) It is also used as a dry cleaning agent. It is a very effective 
cleaner for batn room tiles, car parts, stoves, etc. 
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(4) It is used as an insecticide and also as an anti*liookwonn» 
medicine. 


SUMMARY OF TYPICAL MEMBERS 


Preparation. 


Etbyl alcohol 
C2H5OH 


P+Bra 


Ethyl alcohol 
CoHsOH 


KBr+HaSO* 


EtbyLbroniide 

CoHsBr 


Etbvicne 

C0H4 


HBf 


Properties. 


Ethyl bromide 
CjH^Br 


Reduction with nascent 
hydrogen (Na/CaHsOH) * 

CH^Br+Na in ether solution 
(Wurtz reactionr 

Na metal >n ether solution 
(Wurtz reaction)i 
Warm with alcoholic KOH 


Heat with aqueous KOH 
or Silver hydroxide 

Heat with alcoholic ammonia 


Heat with dry silver oxide or 
Sodium ethoxide 

Treat with Mg in dry ether 


Ethane, CaH« 


Propane, CsHs 


Butane, C4H10 I 


Ethylene, C2H4 1 


Ethyl alcohol ' I 

CsHsOH 1 


Ethyl amine 
CsHsNHg 


Ethyl ether 
CjHs-O— CsHs 


Grignard reagent 
CgHjMgBr 
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Heat with AgN02 


NitTOcthane 

QHsNOj 


Ethyl bromide 

C,Hr.Br 


Warm with KNO2 


Heat with Silver acetate 


Treat with AgCN 


Treat with KCH 


Ethyl nitrite 
CiHsNOj 


Ethvl acetate 
CH3COOC2HR 


Ethyl isocyanide 
CM-JSC 


Propvlanuoe 

C2H5 CHj SU. 



Ethyl cyanide 
C.Hr.CN 

Partial 1 hydrolysis 

Propionamidc 

CoHrCONIIs 


Further | Hydrolysis 

Propionic acid 
C2H5.COOH 


Preparation. 

Ethyl alcohol 
CgHsOH 


Acetone 

CHa.CO.CH3 


Distil with bleaching powder 


Distil with bleaching powder 



Distil with NaOH 


Direct controlled 
chlorination 
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QUESTIONS 


Oxidation, air, light 


Phosgene. COCI. 


1 


Reduction, Zn/HCI 



: Reduction, zinc dust+water 


Methane CH4 


CI2. light 


Carbon tetrachloride 

CCI4 


Chloroform 

CHCI3 


Nitric acid 


Chloropicrin 

CCiaNOa 



QUESTIONS 

What are halogen derivatives of alkanes ? How are they classified ? 

-■ Vhat are alkyl halides? How are they produced? Give their reactions. 

infn ' prepared in the laboratory ? How cm it be converted 

alcohol (v) Ethyl ether (v/) 

synthcti^ chloride prepared in the laboratory ? Give its important 

5 . Give an account of the preparation, properties and uses of ethyl iodide. 
prop'irlkl°a"d ’ O^e its important 

fcactions and experimental details how ethyl alcohol can be 
methane. ^nchloromethane. Give the important properties and uses of trichloro- 

(/) McthlZ Sn ' f ‘'"‘If it be converted into 
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9 Give the laboratory preparation of iodofo.m. Describe its important 
’’"Fo'^Desclrthe manttfacture of carbon tetrachloride, Give-the intportant reac 
"iSSbl Z ^pScn. properties ar,d uses of tr*chloronKthane^^^^ 

12. Give two methods of preparing methyl 

reactions of alkyl halides. » mat.*rial how will vou proceed to obuin 

H. ,0, Describe or^h^sre^:r;::^t“^ 

t, l^try^r -rortr'^op^tts of cf reform t represent each one by 
a chemical equation and name the mam product formed. 

,5 Give a method of preparing a specimen of ethyl bronnde. What reactions 

U undergoes 

ih) Sodium cthoxide. 

(c) Sodium. r^,.« ,k.v ciAriine noint for obtaining 

16. “Aliphatic ;!X’*'''Amphfy the siaiemcnt^wiih 

a large variety or organic compounds . Amp y {Poniah Imer }95S) 

17 Give the preparation, properties and uses of iodoform. How docs U differ 

from chloroform? derivatives form a powerful synthetic instrument 

in t cSst:?"dustify th,s statemenr^^^.^^^ 

19. “A just selection of an ^^^sJus^s'^’the abivc statement mustrut^ely/ 

a desired aliphatic compound. Uiscu (Panjah Inicr 1950, 63) 

20. Give the preparatton, properties and uses of a liquid 

of methane. h dnocn compounds are amongst the ?Ifc.v 

21. “The (Panjah Inter }956) 

organic compounds. having the composition C2H4CI, are known. How 

arcfhese"ounToS%od their constitution been determmed 

23, HOW is ^olohrrm prepared^n ^mtory ^le 7 Whatjtapp 
is acted upon by (a) Chlorine {o} (Panjah Inter 1947) 

Mcmion the uses of chloroform. 

Direct io^dtumlon of alkane is not possible because— produced acts as 

“ ^"fkyl halide wta treated , 

!"!/ P-aSl!.: cyanide to givc-whieh can be 

CWomToTrmacts with a primary amine in the presence of —to yield 
which has an exiremcly uuP>uu“u> in —hollies and 

about' a mixture of— 

tI.iwo types of dihalogen derivatives arc-- and 

S are very important 

synthetic reagents. 
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ALCOHOLS 


An alcohol is a compound obtained by replacing one or more hydro- 
gen atoms of a hydrocarbon by one or more hydroxyl(OH) groups. In 
other words, alcohols are the hydroxy derivaihes of hydrocarbons* They 
may also be considered as alkyl derivatives of water. 

H replaced by OH H replaced by R 

RH — > R.OH H.OH 

Similarities of alcohols to both the parent substances exist. The lower 
members, in which the hydroxyl group constitutes a considerable part of 
the total molecule, behave like water while the higher members, in which 
the hydrocarbon radical outweighs the hydroxyl group, bear more resem- 
blance to the hydrocarbons. 

The alcohols arc classified as mono— ,di — or trihydric alcohols accord- 
ing as the number of hydroxyl groups present in their molecule is one, 
two or three respectively. When they contain four or more hydroxyl 
groups, they are termed as polyhydric alcohols. For example. 


CHaCHaOH 

CH2OH 

1 

1 

CH3OH 

1 

CHOH 

i 

CHgOH 

CH3OH 

1 

(CHOH)* 

1 

Ethyl alcohol 

CH 2 OH 

CHjOH 

(Monohydric) 

Glycol 

Glycerol 

Sorbitol 


(Dtbydric) 

(Trihydric) 

(Polyhydric) 


Moooliydric Alcohols. As mentioned above, the monohydric alcohols 
are those which contain only one hydroxyl group. They form a homolo- 
gous series with the general formula CnHan+x.OH, usually represented 
as R.OH where R is the alkyl radical (methyl, ethyl, propyl, etc.) For 
-example. 


CH3OH Methyl alcohol or Methanol 

C2Hr,OH Ethyl alcohol or Ethanol 

CjHjOH Propyl alcohol or Propanol 

The monohydric alcohols are further subdivided into primary, secondary 
and tertiary alcohols according as the hydroxyl group is attached to 
a primary, a secondary or a tertiary carbon atom. For e.xample, the end 
carbon atoms in n-propane, CH3 CHa.CHg, are primary, whereas the 
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central carbon atom is secondary. Therefore, n-propane can give rise to 
two alcohols : 

CHav 

and VhOH 


CHg.CHj.CHa.OH ^ 

n-Propyl alcohol CH3 

(primao) Isopropyl alcohol 


(secondary) 


Similarly, n-butane. CH3.CH3.CH3.CH3, can^^yield two alcohols : 

^CHOH 


CH 3 


CHa.CHg.CHaOH 
/I'Buiyl alcohol (primary) 


CH 


and 


CH3.CH2 

Isobutyl alcohol (secondary) 


Isobutane >CH.CH3, in addition to a primary alcohol, also gives 
’ CHo^ 
a tertiary alcohol, 

CH3V 

CHa^C-OH 

CHa^^ 

Tertiary butyl alcohol 

I, be noted that primary, secondary and tertiary butyl alcohols, 

rienTioned aEole. are all isomeric with one another as they have the same 

molecular formula, Ct HioO. . . .• 

Thus, the characteristic groups of ptimary. secondary and tertiary 
alcohols! respectively, are 

-CH,OH VhOH 


3 C-OH 


Nomenclature. There are three systems of naming the alcohols : 

(1) Common System. In this system, the name of alcohol is derived 
bv adding the word alcohol after the name of the alkyl group present .n 
l^hVmoleclle Thus, C.H.OH is ethyl alcolml and 

CH 

^^CHOH is isopropyl alcohol. 

CHa'^ 

(2) Derived System. In this system, the alcohol is considered lobe 
a derivative of methyl alcohol, which is called ^carbinol . 


CH3 


Thus, CHaCHaOH is methyl carbinol and ^CHOH is dimethy 
carbinol. 

ri) I U C System. In this system, the suflix -c of the name of 
.be corresponding alkane is changed to -ol and the position of the 
hvdroxvl group is indicated by a numeral added before or after the name 
rfthr parent alkane. Thus, =CH,.‘CH,.-CH,OH ,s propanol-1 or 



344 


GENERAL METHODS OF PREPARATION 


a-pr opanol and ^CHg — -CH — ^CHa is propanol-2 or 2- propanol 

* I 

OH 

^CHa 

1 

and CHa — -C — OH is 2-methyl propanol-2. 

I 

^CHa 

General Methods of Preparation. Monohydric alcohols can be prepared 
by the following general methods : 

(1) By the hydrolysis of alkyl halides. Alkyl halides when boiled 
with an aqueous solution of an alkali hydroxide yield alcohols. 


R X + k"; oh (aq) 

Alkyl halide 
For example. 


ROH + KX 

Alcohol 


CaHsBr + KOH (aq) — ► C 2 H 5 OH -f- KBr 

Eth>l bromide Ethyl alcohol 

This method, however, is not very satisfactory because the alkyl halides 
simultaneously lose a molecule of hydrogen halide forming olefins. Hence, 
alkali hydroxide is usually replaced by mild alkalies such as moist silver 
oxide or aqueous potassium carbonate. 


CaHs Br + Ag OH — ► QHfiOH + AgBr 

(2) By the hydrolysis of esters. On heating with a dilute solution of 
an alkali, the esters get hydrolysed to give alcohols. 

R COOR' + KOH (aq.) — ► R.COOK -f- R'OH 

Ester Alcohol 

For example, 

CHa.COOC.Hs -L KOH (aq.) — ► CH.COOK + C-HsOH 

Ethyl acetate Ethyl alcohol 

This method is employed industrially for the preparation of higher 
alcohols from natural esters such as bees wax, oils and fats. 

(3) By the hydration of olefiDs. Olefins when passed into sulphuric 
acid arc absorbed giving alkyl hydrogen sulphates which when boiled with 
water or treated with steam readily yield alcohols. For example, 

an, + H.HSO4 — QHi.HSO^ 

Ethylene Ethyl hydrogeo sulphite 

Boil 

CjHj HSO4 -r H OH ► C2H5OH + HaS 04 

Ethyl alcohol 

Thus, this method involves hydration of an olefin. 
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Direct hydration. It is now possible to carry out the direct hydration 
■of olefins in the presence of catalysts to form alcohols. Thus, eth>lene 
combines directly with water at Ion’ temperatures and high pressures in the 
presence of catalysis such as aluminium oxide or barium acid phosphate 
to >ield ethyl alcohol. 

A1«>03 

CoH, + HOH — - QHsOH 

Ethylene Ethyl alcohol 

Large quantities of alcohol are now prepared by this method. 

(4) Ity the action of nitrous acid on primary amines. Primary amines 
on treatment with nitrous acid (sodium nitrite -r dilute mineral acid) 
yield alcohols. 

HNO-v 

R.NH, — ■ ROH N., + H.O 

Primary amine {NaNOj/HCl) Alcohol 


For example, 


HNO2 


C.H.^NH 2 — CH 5 OH + No -4- HoO 

Ethyl amine (NaN02/HCl) Ethyl alcohol 

This reaction is not so simple and straight forward. 

(5) By the reduction of aldehydes and ketones. Aldehydes and ketones, 
on treatment with excess of sodium and ethyl alcohol, are reduced to 
primary and secondary alcohols respectively. 

Na ' alcohol 


RCHO + 2H 

Aldehydes 

>CO + 2H 
R/ 

Ketones 
For example, 


Na ^ alcohol 


RCHjOH 
Primary alcohols 

N 


CHOH 


CH,.CHO + 

Acetaldehyde 


2H 


cia/ 

Acetone 


CO + 2H 


Na i alcohol 


Na --alcohol 


R-^ 

Secondary alcohols 

CHa.CH.OH 

Ethyl alcohol 

CH,. 

)CHOH 

ch/ 

Isnnrnnvl alcohol 


(g-v-g.) 


ig-) 


Reccnllv it has been shown that reduction with sedium borohydride 
lithium ahiminiuni hydride (LiAIH.) in ether solution gives 
much better yield of alcohol than with sodium and alcohol. 

Catalytic reduction. Aldehydes and ketones can also be reduced 
catalytically to give alcohols. Nickel or copper is used as a catalyst. 

Ni or Cu 


R.CHO + Ha 

Aldehyde 


R.CHaOH 
Primary alcohol 
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R 


+ H 


Ni or Co 


R 


R 

Ketone 


Nchoh 

R^ 

Secondary alcohol 


(6) By the reduction of esters, acid cfalorides, acid anhydrides an* 
fatty acids. 

ni Esters of fatty acids, acid chlorides and acid anhydrides can be 

reduced to alcohols with sodium metai and alcohol or with sodi^ 
hydride or best with lithium aluminium hydride m ether solution. For 

example. 

TH roOC<iHft + 4H — ► CHsCHgOH + CgHsOH (g*) 

E>hy?acru.e EtM ^cohol Ethyl alcohof 


Na+alcohol 


CHa.COCl 

Acetyl chloride 


CHnCO 


+ 4H 


+ 8H 

CHaCO^ 

Acetic anhydride 


Na+alcoho 


CHaCHgOH + HCl 

Ethyl alcohol 


2CH3CHaOH + HjO 
Ethyl alcohol 


( 8 -> 


(S-) 


(li) Reduction of esters, acid chlorides and acid anhydrides can also Jw 
out with hydrogen in the presence of a metal catalyst (copper or j. . 

underapres>ureof 150— 200 atmospheres. Catalytic reduccioo is particulary useful 
for getting higher alcohols from natural esters. 

(iftl Reecntiv (1955) it has been shown that carboxylic acids 
redticed to hydrogen in the presence of a ruthemum or copper 

chromite catalyst. 

(7) From Griganard reagents. All the three types of alcohols (vIJ 
primary, secondary and tertiary; can be readily obtained Irom Gngnard 

Reagenis. 

(i) Primary alcohols are obtained by the action of formaldehyde 
followed by hydrolysis. 


R 


H-C-O -f 

I I 

H 

Formaldehyde 

R 

h-tLo— Mg.X 
I 

H 


R— Mg— X 


H— C— O-Mg-X (g ) 
I 

H 


Grignard reagent 
HOH 

#. R.CH.OH 4- 

Hydrolysis Primary alcohol 


Mg 


\ 


X 

OH 
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(H) Secondary alcohols arc obtained by the action of aldehydes (except 
formaldehyde) followed by hydrolysis. 


R' 


R_C=0 + R'— Mg-X 


R— C— O— Mg— X 


H 

Aldehyde 

R' 


H 




R' 


R-C-O-Mg-X + HOH 
H 


R-C— OH + Mg 


\ 


X 

OH 


H 

Secondary 

alcohol 


(Hi) Tertiary alcohols are obtained by the action of ketones followed 
by hydrolysis. 

R 


R_C=0 + R— Mg— Br 

I Alkyl magaesium 

^ bromide 

Ketone 


R— C— OMg Br 


(gj 


R 


R 


R 


R— C— OMgBr 

1 

R 


Hydrolysis 

HOH 


R-C— OH + Mg 

1 

R 

Tertiary alcohol 


\ 


CH 


Br 


(8) By fermentation of carbohydrates. Some alcohols can be prepared 
industrially by the fermentation of suitable carbohydrates with suitable 
ferments. For example, ethyl alcohol is obtained by the fermentation of 
cane-sugar or maltose sugar or glucose by yeast, (see Page 357) 

Physical Properties. The lower alcohols are colourless volatile liquids 
with a distinctive alcoholic smell and a burning taste. The higher raenw 
bers are solids and are almost odourless. 

The first three members are completely miscible with water, the solu- 
bility decreases rapidly with rising molecular weights and the higher 
members are practically insoluble in water. 

The boiling points and the specific gravities of alcohols increase regul- 
arlv with the increasing molecular weight and in a group of isomeric 
alcohols the primary alcohol has the highest boiling point and tertiary 
the lowest, while the secondary alcohol has an intermediate value. 


348 


chemical PROPERtiES 


rhemical Properties. The chemical propsrties of alcohols centre fOhnd 
the reactive h>drotyl (OH) 8 '°“? 

tX whTch takes part while in the other type of reactions, the (OH) 
Iroup is involved as a whole. 

In the first type of reactions, the primary alcohols ere 
tive and the tertiary alcohols are the least while in the second type of 
reactions the order of reactivity is reversed. 

Weak linlg 

^ y \ R 

\ ^ \ y 

R— C- O— H HO— C - R 

H . 

Primary alcohol Tertairy alcoftdl' 

(1) Esterification. Alcohols with organf^ and* inorganic acids 

to form esters. 

RCOOH + HO. R' — ►' R.COOR' + H 3 O 
-For example, 

CHs-COOH + CsHfiOH — ► CHsCOOC^H^ 4- HjO 

Acetic acid Ethyl alcohol Ethyl acetate 

The ’esters with halogen acids (inorganic acids) are the alkyl halides. 

ROH + HX — » RX + H 2 O 


Por example, 

C 2 H 5 OH -! H Br — ► CaHsBr + HoO 

Ethyl alcohol Ethyl bromide 

The order of reactivity of an alcohol with a given organic acid is 
primary > secondary > tertiary but with a given halogen acid., the order is 
reversed. This is due to the fact that the mechanism of esterification with 
organic acid is from that \yith halogen acids. In case of the 

latter, it is the (OH) group which is replaced while with organic acids ,it 
is the H-atom of the OH group which is involved, viz., 

R. OH + H ^ 


ROH + HO OCR' 



ROOCR' -f H-^O 


(2) Action of alkali metals. Alcohols are readily attacked by strongly 
electropositive metals, such as sodium, potassium, forming ajcoholaies or 
alkoxides and liberating hydrogen. 

2 ROH -I- 2 Na — ► 2 RONa + Hg 

Alcohol Sodium 

alcoholate 
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For example, 

2 CaH, OH + 2 Na — 2CoH50Na + H, 

Ethyl alcohol Sodium ethylate 

(3) Action of phosphorus halides. When an alcohol is treated with 
phosphorus pentahalide, the hydroxyl group is replaced by halogen and 
an alkyl halide is formed. 


ROH -} PCI5 — #• RCl 4- POCI;, -I- HCI 

For example, 

CaH,OH + PCI, — ^ C,H,C1 + POCI, 1 - HCI 

Since the reaction is accompanied by the evolution of HCI gas, it 
provides a ready test for the presence of (OH) j^roup in an organic 
compound. 

Alcohols also react with phosphorus irihalidcs to forn alkyl halides. 
For example, 




\ 


Cl C„H, OH 
Cl + C,H, OH 
Cl C2H5 OH 


3Q.H,Cl + 
Ethyl chloride 


H.PO 


a 


(4) Action of thionyl chloride. Alcohols also react with thionyl 
chloride in the presence of pyridine to from alkyl chlorides. 


For example, 


Pyridine 

ROH + SOCI2 — ^ RCl + SO, 4* HCI 


Pyridine 

C HrOH 4- SOCK — *• C 2 H 5 CI 4- SO, I- HCI 

Ethyl alcohol Thionyl chloride Ethyl chloride 

(5) Action of acid halides and anhydrides. These react with alcohols 
forming esters. For example, 


CH 3 CO C! 4- H OC.H, 

Acetyl chloride Ethyl alcohol 

CH,-CO. 

\o 4* HOC,H, 

CO^ l ihyl alcohol 


^ CHjCOOCiH, + HCI 

I'lhyl acetate 

CH^COOCaH, 4- CH.COOH 

Ethyl acetate Acetic acid 


Acetic anhydride 

(UReationwilh GriBnard reagents. Alcohols rcu;t with Grignard 

r ri»c nnn n 1 11 tj 0^1 


(l)Reationwith Grignard reagents. Aicono s rca.i wiui 
reaecnts forming the corresponding paraffins. The H atom of OH group 
wrSbines with the alkyl radical of the Grignard reagent. For example, 

CjHsOH 4- CHaMgBr *-► CH^ 4- C,H,OMgBr 

Ethyl alcohol Methyl mag. Methane 

bromide 
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(7) Action of concentrated solphuric acid. Action of sulphuric acid on 
alcohol is very interesting because it gives rise to a variety of product* 
depending upon the conditions of the experiment. 

The primary function of sulphuric acid» like other acids, is esterifica^ 
tion, forming an alkyl hydrogen sulphate. For example. 


CjHs :OH + Hi HSO4 — + H^O 

Ethyl hydrogen 

Ethyl alcohol sulphate 

This may give rise to three more products : 

(ij When subjected to vacuum distillation at low temperatures, a 
dialkyl sulphate is formed. 

2CaH6HS04 5=^ (CaH^JaSOi + H2SO1 

Diethyl sulphate 

(ii) V/hen heated with excess of alcohol, ether is formed • 

140® 

C^U.HSO, + QHfiOH — ► QHsOCoHg 4 H,SO* 

(Hi) At higher temperatures in the presence of excess of sulphuric add 
ethylene is produced. 


Heat 

C2HSHSO4 ► C2H4 4 H,S04 

(160-170®) Ethylene 


(8) Oxidation. Alcohols can be conveniently oxidised by alkaline op 
acidified KMn 04 , acidified KoCraO, or dil. HNO3 and the products of 
oxidation depend upon the class of alcohols. Thus, 

(i) A primary d/co/io/ on oxidation gives first an aldehyde which on 
further oxidation yields an acid. Both the aldehyde and the acid 
contain the same number of carbon atoms as the original alcohol 


H 

I 

CH 3 -C— OH 4 (O) 

I 

H 

Ethyl alcohol 


K2Cr207/H2S04 


OH 

I 

CH 3 -C-OH 

I 

H 



CH,— C=0 


K2Cr207/H2S04 


H 

Acetaldehyde 


CH,-c=a 

I 

OH 

Acetic acid: 
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(ii) A secondary alcohol on oxidation gives a ketone with the same 
number of carbon atoms. 

OH 


H 


O 


CHa— C— OH 
I 


I 

CHa-C— OH 
\ 


-HaO CHav 

— > >c=o 

ch/ 


CHa 
Isopropyl alcohol 


CHa 

Unstable Acetone 

Ketones are not easily oxidised because they do not have any hydrogen 
with the “oxidised” carbon. On prolonged and drastic treatment, 
however, they break to give a mixture of acids with sntjller number of 
carbon atoms than the original alcohol. 

O 

II O 

CHa— C— CHa CH3COOH + HCOOH 

Acetone Acetic acid Formic acid 

(Hi) A tertiary alcohol is resistant towards oxidation in neurtal or 
alkaline solution but is oxidised in acid medium to give a mixture of 
ketone and acid each containing smaller number of carbon atoms than 
the original alcohol. 

CHaX O CH.v o 


\ 




CO 


CHa 
Acetone 


CH3COOH -f CO2 + H2O 

Acetic acid 


CHa’-C— OH 
CHa/ 

Tertiary butyl alcohol 

(9) Catalytic dehydrogenation. The three classes of alcohols behave 
ifferently when their vapours are passed over reduced copper at 300°. 

(i) Primary alcohols are dehydrogenated to give aldehydes. 

CH3CH.OH — ► CHi.CHO + Hg 
Ethyl jilcohol 300® Acetaldehyde 

Secondary alcohols are dehydrogenated lo give ketones. 


(ii) 


CHav Cu CH3\^ 


^CHOH 




C=0 + H 


2 


(Hi) 


CH/ 300® CHa 

Isopropvl alcohol Acetone 

Tertiary alcohols get dehydrated to give olefins. 


CH 

CH3 


'\c 


Cu.300® CH 


CH 




— H.O 


CH3 


C=CH 


OH H 


/ 

Isobutylene 


Detection of an OH Group. 

The presence of hydroxyl group in an organic compound may be detected by the 

following tests I ^ ^ j i a 

(/) Add a small piece of metallic sodium, hydrogen IS evolved. ^ 

(»■) Add a small amount of phosphorus pentachloridc. hydrochloric acid gas is 

Uii) * Add acetyl chloride or bonzoyl chloride, HCl gas is evolved with the separa- 

Uon of an oily layer of the corresponding ester. . ^ 

(/V) Warm with anhydrous sodium acetate and coocenlrated sulphuric acid, a 

fruity smell of an ester is given out. 
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Methods of distinguishing between Primary, Secondary and Tertiary 
Alcohols. 

(1) Oxidation. Primary alcohols on oxidation give first aldehydes 
and then acids. Both the aldehyde and the acid contain the same number 
of carbon atoms as the original alcohol. 

Secondary alcohols on oxidation give ketones which on further drastic 
oxidation yield a mixture of acids, each acid containing fewer number of 
carbon atoms than the original alcohol. 

Tertiary alcohols on oxidation with acid oxidising agents give 
amixture of ketone and acid each containing fewer number of carbon 
atoms than the original alcohol, (see page 35l). 

(2) Catalytic dehydrogenation by passing over reduced copper at 500®. 

Primary alcohols give aldehydes. 

Secondary alcohols give ketones, and 

Tertiary alcohols yield olefins, (see page 351) 

(3) Victor Meyer’s Test. "Red, blue and white" test. 

The alcohol is con\crtcd by phosphorus tri-iodidc into the correspond- 
ing iodide which is then heated with silver nitrite to yield the nitro-para 
ffin. The resulting nitro paraffin is treated with nitrous acid and tne 
alkalified. Characteristic colours are obtained depending upon the cla 
of alcohol. Thus : 

Primary alcohols produce red colour ; secondary alcohols produce 
blue colour while in case of the tertiarv alcohols, tiie solution remains 
colourless (while). 

I^riniary alcohol 
R.CH 3 OH 

F 4 I 2 i 

RCH.I 

AgNOo i 

RCH.NO. 

HNO2 ] 

R-C— NO.. 

!l 

N-OH 
Nitrolic acid 

OH 1 

Red colour due to the 

formation of K-salt 


Secondary alcohol 
>CHOH 


^CH! 

R/ 

1 

>CHNO. 

I 

\C— NO.. 
R/ 1 
NO 

Pseudo nitrol 

i 

Blue colour 


Tertiary alcohol 

R\ 

r_C-OH 

Ry 

1 

R\ 

R— C— I 

R/ 

1 

R\ 

R— C-NO. 

Ry 

i 

No action 


Colourless (while) 
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INDIVIDUAL MEMBERS 

methyl alcohol, methanol. CH3.OH 

It occurs coVa’ins'S' 

ofcertam plunts benzoate and oil of jasmme and that 

'oforanstdre'ls^oitain ntethY. ester of anthrani.ic ac.d 

h"d ‘‘for“he prepa^ratiorof° primary rieoliols. described earlier. 

"e fo,lorv.ng three methods are avai.ab.e for the manu- 

L'n%-^ronr/rp/r/rsvasder,ved for methanol. ^ 

VVood is cut into pieces ^of^sunab^^^ P^'.^ „ boated a. 

mmpe?aturefb=tv"cn 250 and 40d” for about 30 hours. 



The products of^st, nation obsture consisting of hydrogen 

( 1 ) Wood gas. dio.xidc. oxygen and nitrogen. It 

methane, carbon iron chambers mentioned above, 

used as a fuel for heat.^ g 

(2) P>'f«"'v“r,b;mi' id per cent ol acetic acid. 1-2 per cent methyl 
distillate contammg -mouM ^ P 

alcohol and 0 5 p ^ separates from the 

aduM^nirc aJ^'^onla^tc^’rlmp^un^^^ such as paramns. naphthalene. 

charcoal. It is left as a solid residue in the eas.-iron cham- 
bers ind is used as a domestic fuel. 
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XreatmeDt of Pyroligneons Acid. The pyroligneous acid is treated as 
below for the recovery of acetic acid, acetone and methyl alcohol. 

(i) Recovery of acetic acid. The pyroligneous acid is treated with 
lime and then distilled in a copper vessel when acetic acid is retained in 
the vessel as calcium acetate, 

2CH3COOH + Ca(OH)a — ► (CH3COO)2Ca + 2H2O 

while methyl alcohol and acetone distil over along with water. The 
calcium acetate so obtained is distilled with dilute sulphuric acid to get a 
solution of acetic acid in water. 

(CHaCOOlsCa + H0SO4 — ► CaS04 + 2CH3COOH 

Acetic acid 

From this solution acetic acid is finally extracted by means of solvents 
Bike isopropyl ether. 

(ii) Recovery of methyl alcohol. The distillate containing methyl 
alcohol and acetone, obtained in step (i) is dehydrated with quick lime 
and subjected to fractional distillation when crude acetone (b.p. 56*) and 
crude methyl alcohol (b.p. 65®) are obtained. 

The crude methyl alcohol is diluted with water to throw out of solution 
any oily impurities which collect at the surface and are removed. 

The aqueous layer is then treated with powdered anhydrous calcium 
chloride when methyl alcohol separates out in the form of a solid, 
crystalline compound of the composition CaCl2.4CH30H, leaving behind 
acetone and other impurities in the solution. The crystalline compound 
is separated and gently heated to drive off any acetone and then decom- 
posen by distill ition with water when methyl alcohol distils over. It is 
dehydrated by repeatedly distilling over quick lime. 

Alternatively, the commercial alcohol may be heated with anhydrous 
oxalic acid, when on allowing the liquid to cool, crystals of dimethyl 
oxalate separate out. 


COOH 

I + 2CH3OH 
COOH 


COOCH3 

I + 2H2O 

COOCHa 

Dimethyl oxalate 


These are subjected to suction on a filter pump, washed with a little 
V ' ter to free them from any contaminations and then hydrolysed by 
c. lu.siic soda. 


COOCH3 

I + 2 NaOH 
COOCHo 

Dimethyl oxalate 


COONa 

I -f 2CH3OH 

COONa Methyl alcohol 

Sodium 

oxalate 


The methyl alcohol thus set free is recovered by distillation and 
dehydrated by repeated distillation over quick lime and finally over 
metallic calcium. 


This method is now becoming obsolete. 
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(Hi) For recovery of pure acetone from crude acetone, see manufacture 
of acetone, chapter XXXIV. 

II. From Water Gas. At the present time, methyl alcoho! is larg’ely 
obtained synthetically by the hydrogenation of carbon monoxide. 

CO + 2H2 ^ CH,OH 

For this purpose water gas, obtained by the action of steam on red 
hot coke, 

HoO + C — (CO + H^) 

^ / 

V 

Water gas 

Is mixed with half its volume of hydrogen and passed at a pressure oj 
about 200 atmospheres over a catalyst consisting of a mixture oxides of 
£opper, zinc and chromium, at 300 

ZnO+CuO+CtiOs 

CO + 2H2 — ► CHaOH 

300® 

By taking proper precautions almost cent per cent yield of methyl 
alcohol is obtained and the purity of the product is above 99 percent. 

A diagrammatic sketch of the plant used for the synthesis of methyl 
alcohol is shown in Fig. 2. 



Fig. 2 . Synthesis of methyl alcohol from water gas. 

Ill From Natural Gas. Methyl alcohol is also prepared on a com- 
mercial scale by the catalytic oxidation of methane obtained from natural 
fias A mixture of methane and oxygen in the ratio of 9 : 1 by volume, 
18 passed through a copper tube at 200’^ under a pressure of 100 atmos- 
pheres. 

Cu, 200® 

CH, -I- ^02 — ► CHjOH 

100 atm. 

ProDerties Methanol is a colourless liquid (b.p. 64-5®) with a 

characteristic wine-like smell and a burning taste. It is poisonous, causing 
hlindness madness and even death depending upon the dose. In the 
tody, ft is oxidised to formic acid which is highly toxic. 
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It is lighter than water (sp.g. =0-793) and is miscible with it m all 
proportions. It is a very good solvent for several organic substances. 

Chemically, it gives all the general reactions of alcohols. 

Uses. Methyl alcohol is put to a number of commercial uses, important 
of which are given below : 

(I) About one-third of the total production of methyl alcohol is used: 
as an antifreeze for automobile and aeroplane radiators. (2) Another 
one-third is used as a source of formaldehyde. (3) Because of its 
poisonous nature, methanol is used for denaturing ethyl alcohol. (4)' 
Methyl alcohol is an excellent solvent for oils, shellac, gum, etc., 
and is used in the monufacture of varnish. (5) Methanol is the only 
solvent that can dissolve cellulose nitrate and hence it Is largely employed 
in the manufacture of celluloid, guncotton, spray paints, and other nitro- 
cellulose products. 

Structure. (I) The qualitative and quantitative analyses show that the molecular 
formula of methyl alcohol is CH 4 O. 

(2) Keeping in view the tetravalency of carbon, bivalency of oxygen and uoiva- 
lency of hydrogen, the only structural formula possible is 

H 

I 

H-C-O-H 

1 

H 

(3) Methyl alcohol reacts with sodium m.nal when only one of its hydrogens is 
replaced by sodium. This indicates that one hydrogen in methyl alcoholis m^ 
different slate of combination than the remaining three. This fact is well explained 
by the above structure. 

(4) Methyl alcohol reacts with phosphorus penlachloride giving methyl chloride 
and hydrochloric acid gas. This again supports the above structure. 

CH3OH + PCI5 — ► CH3CI -f POCI3 + HCl 

(5) The above structure is also confirmed by its synthesis from methyl chloride I 

CH3CI h NaOH iaq.) CH3OH + NaCI 

ETHYL ALCOHOL. ETHANOL. C-HjOH 

This is the most important member of the series and is comaionly 
named as “alcohor’. It is usually produced in nature by the 
of carbohydrates and is thus present in plants to a very small extent m 
the free state and mostly in the form of its esters. It can also be detected 
in animal tissues and in the blood but only in traces. 

Preparation. Ethyl alcohol can be prepared by any of the general 
mclhods Tor the preparation of primary alcohols described earlier. 

Manufacture. The most important methods for the manufacture of 
ethyl alcohol are : 

I. Catalytic hydration of ethylene. 

II. Catalytic hydration of acetylene and subsequent reduction. 

III. Fermentation of sugars. 
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I Alcohol from Ethylene. Large amounts of ethyl alcohol are 

obtained these days by the catalytic hydration of ethylene. 

n Alcohol from Acetylene. Acelylene when treated with dilute 
SU piiuric acid in the presence of mercuric ions (catalyst) gives acetal- 
dehyde which is further reduced by passing its vapour mixed with hydro- 
gen over finely divided nickel at 100 — 140 . 

Hg2^ 

(i) CH=CH + H,0 — ► , 

.Acetylene H0SO4 Acetaldehyde 

Ni (100-140-) 

(ii) CH 3 CHO + H, 

* Acetaldehyde tlhyl alcohol 

III Fermentation of Sugars. Fermentation is a process involving 
the slow decomposition of a complex organic :ofnpound '“to simp er 
ones through the agency of living organisms called As a matter 

o^fLt fermentation is brought about by t catalytic iutluenceof comp- 
lex non-hvTnco present in or produced by tlie Icnnents. These 

non l^ing compounds are called enzymes ( = /« yenst). 

contains three e%mes.//iverM 5 er^mui-e and maltase whtdi bring ab u 

specific chemical reactions (see below) : 

in the presence ol yeast. 


+ H,0 


SucroeC 


Yeast 


Yeast 




CfiH|oOo + Cc.HioO^ 
Glucose Fructose 

2CoH,OH + 2 CO-, 

tthyl alcohol 


An economical source ot sugar is molasses. 

sSfssiijMSs 

alcohol. . ^ 

‘'rt on of supto'aboif'lO per ‘‘com Tnd' slightly a'^cidified with 

concentration of sugar to ^abo^ , he growth of any undesirable becteria. 

fflie quantities of ammonium sulphate and ammonium phosphate are 

added which will act as supplementary food for the yeast. 

.^1 1- VI above is placed in large fermentation tanks and 

added ;rernKn. 

rabr:m, 1 s‘‘:rm'’p\"n!ed by the following reactions : 

(i) The enzyme inverse, present in yeast converts sucrose into 

glucose and fructose. 
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lovertase 

Ci2H220u + H2O * C6Hi208 C0H12O5 

Sucrose (Yeast) Glucose Fructose 

(ii) The enzyme zymase further converts the glucose and fructose 
■'-into ethyl alcohol and carbon dioxide. 

Zymase 

QHiaOft — ► 2C0H5OH -h 2 COi 

(Yeast) Ethyl alcohol 

During fermentation, there is lot of frothing of the liquid due to the 
« evolution of carbon dioxide which is collected. In order to keep the yeast 
alive and active, air is occasionally bubbled through the solution. 

When the alcohol content of the fermented liquor rises to about IS- 
IS per cent, the yeast cells are killed and the process of fermentation stops 
automatically. This takes place in about 2*3 days time. The fermented 
liquid thus obtained is known as the *wQsh, It is then subjected to frac- 
' tional distillation. 


/ 


CQNOINSefc 


— — * - 









MOSTvOlAtllC 

CQM^ONINT 


A typical distillation plant is shown in Fig. 3. 

It consists of three parts (\) A heated still S in which the mixture to 

be separated ’ ito its constituents is 
heated electrically (ii) The fractionatins 
column proper which consists of a series 
of plates with small perforations and 
(Hi) A condenser C, at the top. 

The fermented liquor (w»ish) is admi- 
tted into one of the plates through the 
side tube as shown. This overflows to 
the plate below through the small 
openings. As the wash in the still is 
heated, the vapours as they rise are 
forced to bubble through the liquid on 
the plates. On doing so, they are 
cooled and get partially condensed, the 
less volatile constituent condensing to a 
greater extent. The vapours which rise 
from each plate upward are, therefore, 
much richer in the more volatile com- 
ponent, while the liquid which trickles 
down to the plate below is richer in the 
less volatile component. This process 
takes place at each plate. Thus ulti- 
mately the most volatile component 
escapes from the uppermost plate and 
the least volatile component returns to 
the still. 





HE ATTf.0 
coa 










L(AST vOLATiiC 
COMPONENT 


Fig. 3. A plate colurao. 


(1) First runnings. This is a more 
volatile fraction consisting mainly of 
.• acetaldehyde and is used as an important source of acetaldehyde. 
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(2) RecfifieJ spirit or Industrial alcohol. This consists of 93 -9V 
percent (by weight) of ethyl acohol. 

between the range 

roncT butyl, ampyl alcohols. The main 

constituent, how-ever, is iso-amyl alcohol. Fusel oil is used for the 

preparation of amyl acetate, which is employed as a solvent for varnishes 
and also in confectionery. 


(4) The residual liquid left in the distillation plant is known a* 

spenUwash. Because of its high nitrogeneous content, spent wash is used 
as a cattle fodder. 


Alcohol from Starch. Large amounts of alcohol are prepared from 
starch and other polysaccharides. Since cannot brin» about the 
fermentation of polysaccharides, the latter are first converted into sugars 

by an enzme. diastase. The important starchy materials are • potatoes* 
maize, barley, rice, etc. ^ ' 

The various steps involved in the production of alcohol from a starchy 
material are : ^ 


(i) Malting, that is, preparation of malt. 

(ii) Liberation of starch from the starchy material. 

(Hi) Saccharification, that is, conversion of starch into maltose sugar 

(iv) Fermentation, that is, conversion of maltose sugar into alcohol 

(v) Rectification, that is, fractional distillation of fermented liquor 

(i) Malting. (Preparation of Malt) Barley is moistened with water 
and spread in a room in layers about 5 inches thick and allowed to 
germinate in the dark at about 15°. After a suitable length of time the 
germination is stopped by healing the barley to about 60°. The germinated 
product is technically known an maliase. This is a rich source of the 
enzyme, diastase. 

(ii) Liberation of starch. The starchy material (potatoes, rice, maize 
or barley) is rasped or crushed and then treated with steam at I4()-150° 
underpressure when the starch present in the material is brought into 
solution. This solution is called the mash. 

(Hi) Saccharification. Malt obtained in (i) is added to the mash ■ 
kept at 50°. The enzyme diastase present in mall converts the starch into - 
maltose sugar. 

Diastase 

2 (CaH](, 05 )rt + nH20 ■ ► '*Cj2H220ii 

Starch (Malt) Maltose 

The process is complete in about one hour. 

Alternatively, the starch may be converted into glucose by heating with 
dilute sulphuric acid or hydrochloric acid. 

(CeH,oO,)„ + nHjO — nCeH.sOo 
Starch Glucose 
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The excess of the acid is neutralised by adding lime. 

(iv) Fermentation. The maltose (glucose) solution obtained above 
is cooled to about 30® and fermented by yeast when the following 
^ reactions take place : 


(a) The enzyme maUase present in yeast converts maltose sugar 
into glucose. 

Maliase 

+ HjO ' 2 CgHijOe 

Maltose (Yeast) Glucose 


(b) The enzyme zymase further converts glucose into alcohol and 

carbon dioxide. Zymase 

C.HisOfi — ► 2C2H5OH + 2CO2 

(Yeast) 


Obviously, if the starch has been hydrolysed by dilute mineral acids, 
the glucose present in the resulting solution is directly attacked by zymase 
to give alcohol, maltose playing no part. 


The fermented liquor contains about 10 percent alcohol and is sub- 
jected to fractional distillation to obtain industrial alcohol (95% alcohol) 

Absolute alcohol. Since ethyl alcohol forms a constant boiling mix- 
ture with water containing 95 57% by weight of the alcohol which boils 
at 78*15®, a temperature slightly lower than the boiling point of absolute 
alcohol, VIZ,, 78 3®, it is not possible to effect a complete separation of 
ethyl alcohol from water by fractional distillation. Absolute alcohol 
containing only 0*3% water, can be prepared by chemical methods, for 
example, by distilling repeatedly over fresh quick lime which combines 
with water but not with alcohol. The last traces of water can be removed 
by distilling over a requisite amount of metallic sodium or magnesium or 
calcium. 


On a large scale, absolute alcohol is prepared by the azeotropic 
distillation of industrial alcohol. 


For this purpose, a suitable amount of bcozene is added when a ternary azeotropic 
mixture of compo^ion alcohol, 7-4'.’o water and74'l% benzene, boiling at 

64 85° (at atmo^phcric pressure) is obtained. Thus almost the entire amount of 
water present in industrial alcohol goes to form the ternary azeotropic mixture 
whtcli passes over while almost JUO;', eth>l alcohol reni.iins behind as residue. 


\ 


Power alcohol. Power alcohol is a mixture of petrol and absolute 
alcohol or of indusial alcohol, petrol , and benzene. This mixture is 
used for generating power, especially in those countries in which the 
petroleum resources arc meagre. 1 

I 

Denatured alcohol or Methylated spirit. The industrial alcohol is ‘ 
mixed with poisonous substances such as methyl alcohol, acetone or 
pyridine to render it untit for drinking purpo-ses. The product is put ; 
in the market under the "methylated spirit' or 'denatured alcohoP 

and is extensively used for making varnishes. It is also used as a - 
disinfectant. i 
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, , alcohoi is a colourless inflammable liquid, boilfflft. 

'• ■ -,1, ^ 3'coholic odour and a burning laste. It iV 

miscible w, h water m all proportions and is also miscible witb most of he 

organic solvents. Ills a good solvent for oils, fats, resins, er Itdso 
.djssolves inorganic substances such ^ caustic soda, caustic potash Umi- 
phorus, sulphur, etc. Unlike methyl alcohol it is not pLonous It 
rat.her acts as a good stjaulant if taken in small doses. 


’Chemically it gives all the general reactions of alcohols. 

Ethyl alcohol and methyl alcohol, resemble each other very closely 
but they can be distinguished from each other by the following reactions: 

(ij Ethyl alcbhol gives iodoform with iodine and sodium hydroxide 
whil e methyl alcohol d(>«s not. 

(ii) Ethyl alcohol on oxidation gives acetic acid whereas methyl 
alcohol gives formic acid. (These two acids cun be easily distinguished). 


Uses. Ethyl alcohol is used : 

(1) For the preparation of esters, ether, chloraf, etc. (2) As a 
solvent for gums, resins, paints, varnishes, etc. (3) As a fuel for lamps 
and stoves. For convenience of transportation, it is converted into solid 
alcohol by dispersing it in saturated calcium acetate containing a little 
stearic acid. (4) As a preservative for biological specimens. (5) As 
a low freezing and mobile liquid in scientific apparatus like thermometers, 
spirit level, etc. (6) Power alcohol is mixed in petrol in the ratio of 
20 per cent and is used as a motor fuel. 


Tests. J. Ethyl alcohol when warmed with anhydrous sodium acetate and con* 
cenlraicd sulphuric acid gives a fruity smell due to the formation of ethyl acetate. 

2. Ethyl alcohol, when warmed wiih iodine and sodium hydroxide, gives iodo- 
form which has a characteristic smell. 

Structure (1) The analytical data show that the molecular formula of ethyl 
alcohol is C^H^O. 

(2) Assuming that carbon is (ctravalcnt, oxygen bivalent and hydrogen mono- 
valent, two structures, are possible for ethyl alcohol. 

H H H H 

II II 

H— C— O -C-ll n— C--C— OH 

I I II 

H H H H 


( 1 ) ( 11 ) 

(3) Ethyl alcohol rc.-ias with sodium mcla! when only one of its hydrogens is 
replaced by sodium. This indicates that one hydrogen atom in alcohol is in a differ- 
ent slate of combination than the remaining five. In structure (I) all the six hydrogen 
atoms are equivalent but in (11), one hydrogen attached to oxygen is obviously 
different from the remaining five. 

(4) Ethyl alcohol reacts with phosphorus pentachloride giving ethyl chloride 
^nd liberating hydrochloric acid gas. This indicates the presence of a hydroxyl group 

‘^ItT^lowsIr'rom (3) and (4) that ethyl alcohol has structure (II) and not (I). 
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(5) The above structure of ethyl alcohol is further Suil{Ic>rted by itlf ^dthb^ 
^om ethyl chloride. 


H H 

! 1 

H— C-C— I a+ Ag 1 OH 

i L 


H H 

1 I 

H— C— C-OH + AgCl 

A 


Formula (1) has been shown to represent another compound, dimethyl ether, 
which has very little resemblance to ethyl alcohol, physically or chemically. 

Thus formula (11) is accepted as the structure of ethyl alcohol. It explains all the. 
known' properties of ethyl alcohol. 

SUMMARIES 

PRODUCTS FROM WOOD DISTILLATION 


WOOD 


Destructive distillation 


Wood gas {pyroligneous acid 


Wood Tar 


Wood Charcoal 


Residue 


Treat with lirue and distil 

( 


Distillate 



Treat with H 2 SO 4 


PractiOoal distillatioa 



Crude methanol I 
b.p. 65® I 

Treat with J CaClg so ln 
CaCla.4CH80H - 
Distil with | water 


CHaOH+HaO 


Dehydrate with| CaO and distil 


Pore CH,OH 


Solid 


I Crude acetone I 
b.p. 56® 

Treat with I NaHSO- 


Acetone bisulphite 


(Distil with i-NaaCO^ 


Acetone+HaO 


Dehydrate and Idistil. 


Pure Acetone 
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PREPARATION AND PROPERTIES OF ETHYL ALCOHOL 

Preparation. 

H>drolyse with KOH aqueous 
or AgOH 


Etbyl bromide 
CcH.-,Br 


Ethylene C;.H^ 


Etbyl sulphuric acid 

C 2 H.-,HS 04 


Eihvi ether 

CiHjOCoHr 


Ethyl acetalc 
CHXOOCaHs 


Catalytic hydration ^ 

losv temp, high pressure 

Boil with water 


Hydrolysis with H^SOt 


Hydrolyse with acid or a/fcaH 




Ethyl amino 

CjHiNH. 


Acetaldehyde 

CH3CHO 


Treat with nitrous acid 
(NaNO./HCI) 

Reduction with 
nascent hydrogen 


Ethyl alcohol 
C2H5OH 


Grignard reagent 
CHijMgBr 



Acetic acid 
CH.COOH 


TMjOOCJlTor 
CHjCOCI or 

rCHaCOLO 


Treat with H.CWO and 
hydrolyse 

Fermentation by yeast 


Reduction with LiAIHj 


Reduction with LiAIHj 
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Properties. 


’Ethyl alcohol 
CaHjOH 


Sodium metal 


PCI5 or SOCIa 


P + Br. 


HX (HCI, HBr, HI) 


AIjO*, (350®) 

. ( 


HjSO. 


AI 2 O 3 , (240®) 


Sodinm ethylate 
OHrONa 



E(b»l chloride 
C2H5CI 




Eth% ] bromido 
QHjBr 




Etbyi baJide 
C^HsX 




Ethylene. C'2H4 | 

‘t/ieaH/ 70 °) 


Ethyl solpburic acid 
QH 5 HSO 4 


1 


V o/ with i alcohol at I 4 CP 

Diethyl etber 

CaHgOCsHs 


CH 3 COOH or CHaCOCl 
orCCHsWgO 

Cu at 300® 


Oxidation 

kjCroO^/HsSO^ 



QUESTIONS 

1 . What are alcohols ? How arc they classified? 

disri^8uiS'’b=l«?en‘';!rer’7 Fenian, alcohols ? How would you 

proptrti ? Describe its imponaut 



alcohols 


365 


5 Describe in detail the manufacture of ethyl alcohol by methods other than 

fermentation. Give its typical reactions and uses. .u, 

6 Starling from a carbohydrate, ho.v would you obtain rectified spirit, methy- 
lated spirit, absolute alcohol and power alcohol . - 

7. Describe the preparation and properties of ethyl alcohol. How is it disting- 
uished from methyl alcohol ? 

g What are monohydric alcohols ? Give their characteristic reactions, 
y'. Describe the manufacture ol ethyl alcohol from molasses. How has its 
Structure been established ? 

. .t, tvnes of materials that may be utilised for the manu- 

fac 'ur'e o^c,"h;i''a^ohoUnd d Jc'r.bc ho« .he convers.on .s effected 7 How may be 

prepared, Starting irom inorganic materials . , ii , 

r ^ ... /%f bv ihc dc*'>iruciivc dislilldt* 

11. Describe in details the manu a (Punjab Inter I9(>1) 

ion of wood. , . . 

12. Descr.be the manufacuee of e.hanof from molasses or starch 

13. State the reactions and the experimental conditions to obtain a Primary 

Alcohol from the follo A'ing type of compouno ■ ^ Grignard's reagent 

(0 An alkyl hydrogen sulphate W) {Panjab Inter 1959) 

,4. illustrate by a ca^^^ 

an alcoboi with the pos.tmn o « distillation of wood' 7 Give .he 

15. What do you u"9®'^^^^?,u°Voducts thus oblaiocd. 
names and rough composition of any one of the organic compounds 

Describe the manufac urc. by reactions of the compound described, 

that you have studied. Give tne impu {Panjab Inter 1954) 

, 6 . Su,e and represent eight impo.tan. chennieal properties 

17. Expain how the /pfr'it.‘’Twr Absolute Alcohol. 

Wl,i/'atc'^,nc‘[mpcr':r. usl.;:'of ethyl^alcoho. 7 ‘"“r 

Alavm ac 


CH 3 .CH 2 .CH.OH and 
(Panjab Inter 1950) 


,g How would you differentiate the isomers : 

CH 3 .CHOH CH 3 

rj' Pnmal’y «"cindar, and tertiary alcohols are characterised by Ihc presence 

" 

, , 1 ic rwn in aldehyde and on further oxidation -. 

,„c ch.f when a primary is .rea.cd with nitrous 

acid. . I from wood di'*iillation and from 

20 Describe the manufaclurc of mUhyl akol T.O.C. Part I 1963 S) 

water gas. Give its tests an usL^. molasses? Explain the terms 

^ecalied'^^. -IS" 
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DlHYDRiC ALCOHOLS— GLYCOLS 


As mentioaed in the previous chapter, dihydric alcohols are com- 
pounds containing two hydroxy! groups. Because of their sweet taste 
they are called glycols (Greek, glyk — meaning sweet). The two hydroxyl 
groups must be attached to two different carbon atoms because, as a 
rule, the compounds containing more than one hydroxyl groups attached 
to the same carbon atom are unstable and immediately lose a molecule of 
water. 


Glycols may be considered to be derived from alkanes by replacing 
two hydrogen atoms attached to different carbon atoms by hydroxyl 
groups. 


H 

I 

H— C— H 
1 

H— C— H 
I 

H 

Ethane 


Replace H by 



OH 


H 

i 

H— C— OH 
I 

H— C— OH 

1 

H 

Ethylene glycol 


The names of glycols are derived from the alkenes or the poly- 
methylenes from which they are formed. Their I.U.C. name is alkane^ 
dials. For instance, 

CHaOH.CHiOH Ethylene glycol or ethanediol. 
CH2OH.CHOH.CH3 Propylene glycol or 1,2 propane diol. 
CH2OH.CHJ.CH2OH Trimethylene glycol or 1, 3 propane diol. 


Ethylene Glycol, (h 2-ETHANE DIOL) CHaOH.CH.OH 

Preparation. Ethylene glycol may be prepared by the following 
methods : 

(i) By the oxidation of ethylene. Ethylene when passed into a dilute 
cold, alkaline solution of potassium permanganate yields glycol. 

KMn 04 

CH8=CH2 + HjO 4- O — ► CH2OH.CH2OH 

E^ylene alkaline Glyccri 
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CH.Br 2H O — f - INaHCO, ‘ 2NaBr 

I + 2 Na 2 C 03 r 2H2O — ► (f -^ ) 

CHa^r Glycol 

(Hi) By .he hydrolysis f and^Ihe "r^suirg 

?.ro^:^;r'ro].rdCht.russ^o'’.^^^ 

CHo^CH^ - HOCl *■ ^ene chlorohydrio 

C„.a.CH,“n N.HCO. - ^ ■ “■ 

(iy) By the hydrolysis of ethylene oxide.^^ temperature and 

-ide wS on war^ming with a ddute mmera. 

acid gives glycol. CH,-CH, 

\/ 
o 

Ethylene oxide 


(i) ch2=cHo 1 10^ 

Ethylene 


silver 

catalyst 


Hfi 


Dilute 


CHaOH.CHjOH 

Glycol 


CH2— CH. 

(ii) V/ ”““hC 1 or H2S04 

° u H niii and (iv) are used for the commercial pre- 
Melhods numbered (w) ana (/ / 

paration of glycol. ^ colourless syrupy liquid foiling 

PhysiealProperties. Gly ^icohol 

,970. I, has a sweet '^f^^^i^cible with ether. 

in all proportion consists of two primary alcohol 

Chemical Properties^ Since giye characteristic of primary 

gcoups linhed togetlier 1. giv s all the ma^^ 

tpelt, apon ll conditions of reaction as illustrated below . 

(1) Action of sodium. 

CHoONa 

I 

CHoOH 

Monosodium 
glycolatc 


CH-.OH 

1 

CH,OH 

Glycol 


Na 

H 

50° 


Na 

160® 


CHoONa 

I 

CHoONa 

Disodium 

glycolatc 


(2) Action of acids. 

CHjOH HCI, 160® 


l 

CHgOH 

Glycol 


H.O 


CHoCl 

I 

CHjOH 

Ethylene 

chlorohydrin 


HCI, 200® 
H.O 


CH.C! 


CHjCl 

Ethylene 

(lichloridc 
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(3) Action of pbosphoins peotacbloride. 


CHoOH 

I 

CHgOH 

Glycol 

CHgOH 

I 

CHaOH 

Glycol 


+ PCI, 


-f 2pa, 


CHaQ 

CH,OH 

Ethylene 

chlorohydrin 

Excess of CHsCl 


PCI 


+ POCI3 + HCi 


CH,CI 

Ethylene 

dichloride 


+ 2POCi, -f 2Ha 


(4) Oxidation fa; With nitric acid. 

CH 3 OH O CH 2 OH O 


CH5.OH 

Glycol 


CHO 

Glycollic 

aldehyde 

CH2OH 

I 

COOH 

Glycollic acid 


CHO 

I 

CHO 

Glyoxal 


O CHO 


COOH 

Glyoxalic 

acid 




CHO O COOH 


COOH COOH 

Glyoxalic acid Oxalic acid 


oxalic^a^cid products of oxidation are found to be glycollic acid and 

(b) With acid permanganate^ dichromate, periodic acid Glycol 
undergoes fission as below : 


CH,OH 


CH,OH 

CH,OH 

I 

CHoOH 


— H.COOH + H.COOH 

KMnO^ or KjCrjOr Formic acid 


Periodic acid 


H.CHO + H CHO 

Formaldehyde 


(5) Dehydration. Glycol yields different products under different 
nditions. 


(i) 


H 

1 

-C— OH 


HO -C— H 


Heat with 


ZnCla anhydrous 


C— OH 
I! 

CHs 

Unstable 


Rearrangement 


c=o 

I 

CH, 

Acetaldehyde 


(ii) 


CHoO H 


CHa OH 


Heat alone at 


500 « 


CH 




I 

CHg/ 

Ethylene oxide 


+ H,0 
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(Hi) 


HO 


CH: H 


U o OH 

Elh^lcr.c filycol 


Heal will! 
HiSOi 


o< >o 

Diox^ne 


,1 very useful industrial solvent. 

tJses. Glycol is used : air-plane 

fnr motor-cars and as a coo s - oreveniing 

(1) As freezing mixture with dynamite. 

motors ^Yon'^on^acroplane wings. (3) For condensers. t6) As 

ice formation on v ^ diclccinc in eUc compounds. 

<4) AS a preservai \e. ,VeVroduclion of a large number ot 
a starting material ,or tnc r 


TR’.HVDRIC alcohols 


J. is glycerol 


„ CH.OH.CHOH.CH.OH. 

glycerol. oils and fa 


glycerol. ” ,n 

--7^^cr;;;”-:^riT;:!;^rf^l.vt,rand\msa.ur^ acids, 

the form *^^{tear,c and oleie acids, 
mainly palmitic, 


ss. .« «»"' 


CH.O OCR 


Hydrolysis 


^HO.OCR + 3HOH 


CHjOH 

CHOH + 3RCOOH 


CHOH 

Glycerol 

h'C 1 1-M - or CitHj', ) 

(RmaybcCj.li.., 


c’ho.ocr 


,R„,aybeC,.l'„, . „<iium hydroxide, as 

«“■' by“pr i^ct. , , 

obtained as oy p> 


""n “"la 7T'“C'.n*”VC£f,C5.'S'*“ 

fat is boiieo wivu 
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■obtained as a semi^solid mass and glycerol remains in solution. 


CHaO.OCR 

1 

CHO.OCR + 3NaOH — 

I 

CH.OH 

[ 

- CHOH H- 

3RCOONa 

1 

Soap 

CH 4 O.OCR 

Oil or fat 

CH,OH 

Glycerol 


Sodium chloride is added to salt out the soap which is removed and 

he remaining solution, known as the spent lye. is treated as below for 
the recovery of glycerol : 


The excess of sodium h>droxide is neutralised bv adding a calculated 

acid The free-organic acids 

formed dunng hydrolysis are precipitated as insoluble aluminium sabs 

I'"" During filtration, any soap, if 

va” ’ filtrate is then concentrated by heating 

rhlnr^H ^ p^’’ glvcerol. Sodium 

ch or.de gets precipitated and is removed by filtration ' The filtrate is 

ss w 'f’ vacuum till the solution contains about 

rii rprt-ii f ° concentrated solution is treated with animal 

a'ld <fien subjected to 

.•n vn J, , rT"'- distillate is then evaporated 

pure is (JbtainTd 


A line sketch of the plant for the 

IS shown in Fig. 1 . 


recovery of glycerol from 


spent lye 


VAPOUR 



SALT CRUDE GLYCERINE 


Fig, 1. Recovery of glycerol from spent lye 

Jh) Glycerol from candle industry. The stearic acid, required in 
candle industry for hardening the wa.x (so that it mav not soften on 

neating), IS obtained by the hydrolysis of oils and fats bv steam under 
pressure in the presence of a catalyst, lime or zinc oxide. The .solid stearic 
acid IS removed and the aqueou.s .solution of glycerol (known as sweet 
Welter) IS treated as above for the recovery of glycerol, 

(2) Glycerol from Sugar Ferraeutation. During the alcoholic ferment- 
ation of sugar by yeast, about 3 per cent of glycerol is also produced. 
U has been shown that if fermentation is carried out in the presence of 
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sodium sulphite, the yield of “P ,he vkM“o"f' gfy- 

as shown belotv : 


CH3 

I 

CH 


(CU. 500°) 


CHj 

Propylene 


HOCI 


CH.Cl 

CH 

II 

CH, 

Alls I chloride* 

CH,OH 

I 

CHCI 

I 

CHoOH 


Na2C03aq. 
150®, 12 atm 


NaOH aq 


CH2OH 

I 

CH 

!1 

CH. 

Allyl alcohol 

CH.OH 

I 

CHOH 

1 

CH.OH 

Glvcerol 


i 


H 

Ni 


The starting mater, al. propylene, can also be «buined fro", ^ce.one 
(available from wood distillation) or from carbon and hydros 
synthesis, as represented below : 

Electric arc CH,CHO 

2C + H, — *■ HfSO, Acetaldehyde 

(O) Ca(OH). CH,.CO CH, 

kTTo'KSS - 

CH.CHOHCH. i 

Isopropyl alcohol 

Physical Properties. G'>f;=';j\^-Jb“wi'th' water'’ and alcohol in 

liquid having a sweet taste chloroform. It boi s^t 

all proportions but is heavier than water (specific gravity 

290°. with some decomposition. It >s heasie 

I r^^ntnins One sccondafy and two 
Chemical reactions characteristic of both these 

^Jou"s' “The cafbon'’atoms in' lycerol may be designated as a, , and a 
as shown : 


CH.OH. CHOH. CH 2 OH 

^ a' 

a 


. hkhwii^rature. chlorine docs not add to 

•Since the 'jacuori holes the hydrogen atom at the saturated carbon 

atom. 
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1. Reaction with sodiam. On treatment with sodium, a-hydroxyl 
group is readily attacked even at ordinary temperatures. The second, 
a-hydroxyl group is attacked only on beating while the p-hydroxyl group 
is not attacked at all. 


CHgOH 

I 

CHOH 

1 

CHjOH 

Glycerol 


Na 



room temp. 


CH,ONa 

1 

CHOH 

1 

CH2OH 

Monosodium 

glycerolate 




high temp. 


CH^ONa 

I 

CHOH 

I 

CHjONa 

Disodium 

glycerolate 


2. Reaction with acids. Glycerol reacts with organic as well as 
inorganic acids forming esters. 


(ij With a mixture of acetic acid and acetic anhydride, mono, di or 
triesters may be obtained depending upon the amount of the acid used. 


CHoO.OC.CH 

I 

CHOH 

f 

CHsOH 
Glyceryl irono- 
acetate 


CHOO.OC.CH 

I 

CHOH 
CHoO.OC CH; 

Glyceryl 

di>acetatc 


CHaO.OC.CH 

I 

CHO.OC.CH3 

I 

CHjO.OCCH 

Glyceryl 

ri*ecetate 


With excess of the acid and at high temperatures, the ester formed is- 
usually the triacetate. 

(ii) With hydrogen chloride at 110% the following esters are obtained : 


CH.OH 

CH2CI 

CH^OH 

1 

HCI gas 1 

1 

CHOH 

— ► CHOH + 

CHCl 

1 

no® 1 

1 

CHaOH 

CHgOH 

a-Glyccrol 

mooochlorobydrin 

(66%) 

CHaOH 

P-Glycerol 

monochlorohydrin 

( 34 %) 


On further passing hydrogen chloride at 110", the following products 
are obtained : 


CH2CI 

CHOH 

I 

CHoCl 

a— k' Glycerol dichlorohydrin (57%) 


CHX! 

1 

CHCl 

I 

CH2OH 

— p Glycerol dichlorohydrin (43%) 


(Hi) With hydrogen bromide reactions are the same as above. 
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, w,« w™.. I.» 

the main product is allyl iodide. 


CH*OH 

I 

CHOH 

I 

CHoOH 


CH, 


3HI 


I 

CH n 
i 

CH,l 

Unstable 


-I 


CH 

11 

CH 


CH,l 

Allyl iolnlc 


• i 'tc used the resulting 

J'’> ^‘’mainlyTsVpeT iHvModide 

rtaS theTubslquen" action of hydrogen ,od,de 

first formed. 


CHoOH 


3HI 


CHOH! 

I 

CHoOH 


CH,1 

1 

CHI 

1 

CH,l 


-U II 


CHj 

CH 


HI 


CHnl 


CH. 

I 

CHI 

I 

CHJ 




CH3 

1 

CH 

!1 


HI 


CHj 

1 

CHI 


rH CH. 

Isopropyl iodide 

Wi.h nitric wr"^^^ 

ture! glycerol forms glyceryl trinnra CH,O.NO= 

CH,OH (Ih.O.NO, + 3H,0 

CHOH + 3HO.no., ^ 


CHjOH 

Glycerol 


CHo O.NO, 

Glyceryl trinitrate 
(explosive) 

IV arid elycerol reacts in two different ways . 
fvi) With oxahe act ,gy 5>hniit 120® glyceryl mono 

form^r/e is'^SSned wWeli ^ gives formic acid and glycerol .s 

regenerated 


rH OH + H OOC.COOH 

CH 3 Oxalic acid 120 

CHOH 


H,OH 


CH.> OOC.COOH 

I 

CHOH 

1 

CHoOH 
Glyceryl 
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CHj OOC.H 

CH»OH 

120* 1 Hydrolysis 

1 

— CHOH — ► 

CHOH + H.COOH 

1 

n 

o 

} Formic acid 

CHsOH 

CHsOH 

Glyceryl mono-formate 

Glycerol 


(b) When heated with oxalic acid at 260®, allyl alcohol is obtained : 


CHa OH -{- H OOC 

CH OH + h‘ boc 

I 

CHjOH Oxalic 

Glycerol 


CHaOOC CHa 

260® I I II 

— ► CH.OOC — ► CH 

1 -2C02 1 

CHaOH CHaOH 

Glyceryl dioxalate Allyl alcohol 


3. Reaction with phosphorus halides. When treated with 
jthosphorus pentachhride, all the three hydroxyl groups are replaced by 
chlorine atoms : 


CHgOH 

I 

CHOH + 3PCIb 

i 

CH«OH 

Glycerol 


CHjC! 

I 

CHCl + 3P0C)3 + 3HC1 
I 

CHgCl 

1, 2. 3, Trichloropropane 
(Glyceryl trichloride) 


Phosphorus tribromide yields glyceryl tribromide, whereas phospho- 
rus tri-iodide behaves exactly like hydrogen iodide. 

4. Oxidation. Glycerol yields a variety of products on oxidation 
depending upon the nature of the oxidising agent used. The various 
theoretically possible oxidation products are : 


CH«OH CHoOH CHjOH 

I o I o I o 

CHOH — ► CHOH — ► CHOH — i 

I 1 I 

CHoOH CHO COOH 

Glycerol Glyceryl aldehyde Glyceric acid 


COOH 

COOH 

1 o 

1 

CHOH — • 

. CO 

i 

COOH 

1 

COOH 

Tartronic 

Mcsoxalic 

acid 

acid 


The products of oxidation will depend upon the oxidising agent 
used. For instance, 

(i) Dilute nitric acid gives glyceric acid and tartronic acid. 

(a) Concentrated nitric acid yields glyceric acid. 

(Hi) Bismuth nitrate produces mesoxalig acid. 
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Wh.. «... - 

glycerol triacetate. 


CH.0 H+Cl OC.CH 


CH..OOC.CH 3 


CHO H + Cl OC.CH, 


CH.OOC.CH 3 + 3HC1 


I nrcu CH,.OOC.CHj 

CHaO H + Cl 

Glscersl triacetate 

Glycerol Acety c 01 dehydrating agents like 

6. Dehydration. . pho.phcru. pen.ox.de, 

H 


H-C 


HO'^ 
H 


-C— 
-c- OH 


OH 

H 


- 2 HiO 


CH 
II 
C 
11 


Rearrangement 


CH 


CH 


KHSOior .. 

HjSO, CHOH 

t'n'iablc 


CHO 

Acrolein 


(1) The chief use of glycerol IS in tlK^pr^e^par^^^ non-drying 

is in'Cui^g 

i;'wa.c^is cS. ? li 

— a a/a'sweetenlng 

sen “n’bev«ages^and^eonfe.^ analyses show iha, .he .oiecuiar 

f„rnfuror;lycero, is CaH.O. ^ .He presence of Ihree 

With acetyl chlotiae, 

'3rs:S=s««--=s-“ 

C C C 

1 I ^ 

OH OH OH 

nlete structural formula will be 

and complete struct h H H 

OH OH OH 
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(4) This structure gets support from the fact that with phosphorus peutachlo* 
■<ide glycerol forms the glyceryl trichloride, when each (OH) group is replaced by 
Cl atom. 

(5) The above structure of glycerol is coohrmed by its complete syntlusiSf 
iOulliBed below : 

4 

Electric H 2 O 

2C + Hj — ► CjHj — CH3,CH0 

arc HgS 04 .H 2 S 04 Acetaldehyde 


lOxidation CaCOH)* CHaCOO\ 

— ► .CHsCOOH — )Ca 

.KaCrjO? Acetic acio CH^COO*' 

Ca'aceiate 


Distil CH 


*Nco 

CH*/ 

Acetone 


2 H 

Na/akohol 


CHj. 

>CHOH 

CHj/ 

Isopropyl alcohol 


AltO*. 250» 
-HaO 


CH3-CH=CH* 

Propylene 


fira/Ca4 


CHs CHBr-CHaBr 
1, 2 Dibromopropanc 


Bra/Fe 


CHaBr.CHBf.CHaBr 
1, 2, 3, Thbromopropane 


Hydrolysis 


CHjOH.CHOH.CHgOH 

Glvcerol 


Glyceryl Irinitratc, ‘Nitroglycerine,’ CaH 5 (N 03 ) 3 , 

Glyceryl triiiitraie is prepared by adding glycerol in the form of a 
tine spray to a well cooled mixture of nitric acid and sulphuric acid 
Jteepmg the temperature below 2U°. * 


CHo OH + H O.NOa 


CHg.O.NOj 


CH OH + H O.NOa 
I 

CH. OH - H O.NOa 

Glycerol 


H3SO4 


15-20' 


CH.O.NO3 + 3H2O 
I 

CH2.O.NO2 
Glyceryl trinitrate 


Obviously, glycer\l trinitrate is an ester and not a nitro-compound. 

When the reaction is complete, the reaction mixture is transferred to 
•ice*cold \vaier, when the liquid separates into two layers. The upper oily 
layer of glyceryl trinitrate is separated, washed with water and then with 
.dilute sodium carbonate solution to neutralise any acids. It is finally 
washed with water and then filtered through a mat of sponges to elimin- 
.ate any suspended impurities. ^ ® 
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insoluble in water but read I subjected to sudden 

its S ““ "" 

•Steam. 


4 C..Ho(N 03)3 
Glyceryl iriDitraie 


l 2 COg + lOH.O + 6N2 + O2 


Glyceryl iriQuia«v . 

, ■ . r.lvcervl trinitrate is used as an explosive 

■Used) As ati explosive. Glycery Nobel (1867) found, how- 

because of its extreme be stabilised by mixing it with 

ever, that glyceryl ""/‘f " ™ orte^ without any risk of explosion. 
S“yfniba?e a^orteS' n'Sgubr was given the name dynamde. 

. iisuallv prepared by absorbing glyceryl trim- 

rate i^n^Tw-lius.' and adding solid ammonium nitrate to it. 

The modern explosives su^ ^ ^ 

'rdCnnf ’ ATth^::'et.o^^iveT::^ex^te^ns^ely employed m war and 

^ In .>kn used in medicine in 
tn cast'of ■ carbon ^.^irnoxide poisoning. It is also used in 
^heteatment of a hear, disease, called nngtrm piCoris. 

eiiMMARY OF TYPICAL MEMBER 


preparation 



Hydrolysis by steam _ 
or alkalies 

Fcnncnlaiion by yeasl _ 
in the presence of 
Na-^SOs 

React succes-sivcly with 
Cli.NajCOs. HOCI, 
NaOH 




Glycerol 
H^OU.CHOH.CHiOHI 
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GLYCEROL 


Properties. 


Glycerol 
ICH .OH CHOH CHoOHI 


Sodium Metal 


PCIfi or SOCI2 


HI 


CH3COCI 


Heal with KHSO4 
or HaSOj 


HNO3 4- H2SO4 
below 20* 

Heat with oxalic 
acid 
at 120° 

Heat with oxalic 
acid 
at 260* 


Oxidation 


Disod. glTcerolaie 
ICHsONaCHOHCHtON 




Glyceryl trichloride 
CH2a.CHCI.CHaa 


Glyceryl tri- iodide 
CH2I CHI.CHal 


l-h 


.Allyl iodide 
CHs^CRCHal 


Glyceryl triacetate 


Acrolein 

CH>=CH.CHO 


Glyceryl trinitrate 


Formic acid 
HCOOH 


Allyl alcohol 
CH.^CHCHaOH 


Glyceryl aldehyde 
CHoOH.CHOH.CHO 


Glyceric acid 
CH.OH.CHOH.COOH 


Tartronic acid 
COOH. CHOH. COOH 


Mesoxalic acid 
HOOC.CO.COOH 
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questions 

, HOW is giyco. prepaid in .he iahora.cy 7 Give its inypcan. properties and 
HOW can e.hyiene be oonv=r.edin.o glycol 7 Describe .he rcaC.ons by wh.c 

the following may be ob.amcd^rro^_^g-^..Y^ Chlorohydrm 

(V, F*ilm?c“cid“, °i»ane (WO Fcrn..dehyde 

3. How is glycol munufacturcd . De cno^ ^ ^ 

'Hyloeet^lmfd': ao H;dro;n .odide (hV) Oxalic acd (iO N,.r,c acd and 

^“"’7: “'glycerol obtained from molasses 7 NS ha, produc.s arc ob.amcd when 

iu::f ::i;l" -id <«) Concen.ra.ed nitric acid ,«0 Uronnne water ,.0 

Bismuth nitrate. „r,.mrpd ? Describe its important uses. 

fs :i;«S“b.red oHs and fa.s 7 HOW has ..s const, tut, on been 

“"f can glycol and gly^,^ ^ 

^:d:;sXr;S5> -- 

''“‘‘“"N'^’illadlV^ a verr c^ld ntixture of cone, H.SO. and^- . HN O 3 and 
H be heated with cone. H-iSO^ ? , rol from its elements. I low docs it 

* 12. Giv^the chemistr^and. syn^^»^^^ ^...j ^onc. 

react with (i) happens when it is 

5Sss-=™«“ “ 

ride (5) Heating with KHSO.,. 
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ETHERS 


Ethers are compounds having the general structure R—O—R' and 
may be considered xht dialkyl derivatives water or better as the 
alkyl derivatives of alcohols in which the H atom of OH group is replaced 
an alkyl radical. 

-2H -H 

H_0— H — R— O— R -* — R— OH 

+2R +R 

Because of their similiarity in structure with metallic oxides, ethers can be 
regarded as alky] oxides, e.g., 

KjO RjO (C2H5)20 

Potassium oxide Alkyl oxide Ethyl oxide or ethyl ether 

Ether" could also be looked upon as anhydrides of alcohols : 

-H.O 

C.Hr. OH T- H O.CoHc — ► CaHa.O.C.Hc 

Ethyl ether 

When the two alkyl groups in an ether are the same, we have a simple 
ether, c’.g., CH; -O— C 2 H 5 , diethyl ether. If the two groups are different, 
the ether is iaid to be mixed, e.g., CH 3 — O — C 2 H 5 , ethyl methyl ether. 

General Methods of Preparation. Ethers may be prepared by the following 
general methods : 

{]) Bj the dehydration of alcohols, (i) U'iih sulphuric : gheia 
phosphoric' acid. Excess of alcohol, when heated with concentrated 
sulnlniric aciJ or glacial phosphoric acid, loses a molecule of water from 
two molecules of alcohol forming ether, e.g.. 

H 2 SO 1 . I4fr 

C,>I, Oil -J- H 0C.,H5 — C.H.OQHq 

~HoO Ethyl ether 

fa) Catalytic dehydration. Vapour of primary alcohols, when 
passed over alumina at 240—260®, lose water to give ethers, e.g., 


380 



ETHERS 


381 


C 2 H 5 OH 4- H OQH 


AI2O3 


.ns — C.HsOQHs + H.O 

240-260*' 


240-260” 

This method is limited only to the dehydration of primary alcohols ; 
secondary and tertiary alcohols have a strong tendency to lose water to 
form olefins, under these conditions. 

(2) By heating alkyl halides with dry silver oxide, e.g., 

T . A _ ^ r u _n — OsHe + 2/ 


2C,H5l + Ag.O 

Ethyl iodide 


C0H5-O-C2H5 + 2AgI 

' Ethyl ether 


Ethyl iodide tinyi e.ner 

(3) By healing alkyl halides with sodium or potassium alkoxides, e.g., 

C,H. I +Na OC.H5 C.H5-O-QH3 + Nal 

Ethyl iodide Sodium cthoxide Ethyl ether 

This method was introduced by Williamson and is known as William- 
son's synteL The method is parlicularly useful for preparing mixed 

ethers, e g., ^ „ 1 xr i 

CH3 I +.Na OC2H5 — CH3-O-C2H5 + Nal 

Methyl idoidc Sodium cthoxide Methyl ethyl ether 

rr,™ - "cCo": . r ■ c‘i,:k.so, 

n i‘’''r'‘“hrth‘’rf willed am \ases uader ordinary temperatures, all 
"uHesL -lai liqufds with a pleasant odour. 

« • Pther*; are comparatively inert substances and 

The important reactions of ethers are . . . , . . , 

T' ft/sn nfnxonium salts. Ethers* are basic in the sense that 
I. Formation ofoxon ^ These salts are com- 

pambreToam^^ salts [NH/IX . -d hence are named as c..v<„i/„m 

sa/ls, e g t 


CHgOCHa + HCI 


1(CH3)^0H] Cl 


The proton (H^ of the acid gets attached to the oxygen of the ether 
,„ough aCordinate linkage as illusrated below : 


I 


CH 3 : O : + H+Cl 


• • 


H 

CH3 : O : 

CH 


1 


Cl- 


CH3 ^ 

The oxonium salts are stable only in a strongly acidic medium. 
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CHEMICAL PROPERTIES 


2. Formation of peroxides. Ethers are not oxidised by reagents like 
potassium permanganate and dichromate but on prolonged contact with 
air or ozone, they form peroxides. 

C2H5V C2H5V 

> 0+0 — ► > 0-*0 

C 2 H 5 / 

Diethyl ether Diethyl peroxide 

These peroxides are unstable and are liable to decompose with 
explosive violence, on heating. Hence, before distilling an ether, the 
absence of any peroxide in it must be ensured. 

3. Hydrolysis. On heating with dilute sulphuric acid under pressure, 
ethers are hydrolysed to the corresponding alcohols, e g.. 


H»0 

QH5— O-CoHs — ^ 2CaH60H 

Ethyl ether Dil. HiS 04 Ethyl alcohol 

4. Action of halogen hydracids. Ethers are readily attacked by 
concentrated hydriodic or hydrobromic acid, the final products depend- 
ing upon the temperature employed. 

(i) When treated in the cold, they are split up into an alcohol and 
alkyl halide : 

C,H,-0-C,H5+H I — > QHJ + CsHsOH 

Ethyl ether Ethyl iodide Ethyl alcohol 

In the case of a mixed ether, the iodine atom is attached to the 
smaller radical. 

C[+-0-C,H5 + hi — QHfiOH + CH 3 I 

Mciliyl ethyl ether Ethyl alcohol Methyl iodide 

(ii) When treated with excess of the halogen acid at high temperature, 
alk>l halide and water are formed. 

C.H.OCHs + 2 HI — 2C2HJ + H.O 

l-th\l ether Ethyl iodide 

The abo ve reactions are useful for determining the structure of ethers. 

\ Action of sulphuric acid. In cold, ethers only dissolve in siil* 
piuiric acid tbrniing oxonium salts as already described. If this solution 
i 5 heated, the ether is decomposed to give a molecule of alcohol and alkyl 
liydrogeii sulphate. 



H2S04 

C 2 H 5 OH + C8H5HS04 

Ethyl alcohol Ethyl hydrogen 

sulphate 
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alumina, yield alkyl halides and esters. For example, 

u n r H -I- CH COCl * CH3COOC.H5 + CoJdsCl 

^Acetyl chloride Aohyd. Ethyl acetate Ethyl chloride 

Similarly, with acid anhydrides, ethers are split up to Form esters. 
For example. 


CHa-COv 

C.Hs-O-QH. + /O 

Ethyl ether CH3.CU 

Acetic anhydride 


2CHaCOOC,H5 
Ethyl acetate 


7. Halogcnation. When treated halogenaled 

suitable conditions, ethers undergo readilv Fot example, 

sf s ss.?«. r. ■ 

diethyl ether. 


CH3CH0-O— CH3CH 


CI2 


CI3 


CH3CH(COOCH3CH3 
a-Chloro diethyl ether 

CHaCHlC!) O (CDCHCHa 

x—9.' Dichloro diethyl ether 


In the presence of light, all the hydrogens are replaced. 

.. .M* V 


Ethyl ether 


(CXU^iO 
Perchloro diethyl ether 


„ a It has been recently shown that ethers when treated 

«Uh*ot/":?in is reduced to ethane and ethyl alcohol. 


C,Hr.- 0 -QH, + 2 H 


Na 

liquid NH3 


QH, + CoH.OH 


9. Reaction with c^^^y^o’^^und^ 
rn'the pr'esenro? .rifluonde and a //,r/e uuter. 

t T ^ 


QH»-0-C,H, + CO 


C2H5.COOC2H., 
Ethyl propionate 
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DIETHYL ETHBR 


ETHYL ETHER OR ETHER, QH^-O-CaHe 

The most important member of the series is ethyl ether, and is 
commonly named as “ether”. 

Preparatioo. (I) Ether is prepared in the laboratory as well as on a 

c mmercial scale by heating a mixture of ethyl alcohol and concentrated 

su phunc acid at 140*. The reaction is known to take place in two 
stages : ^ . 


(0 QH 5 OH + H.HSOj 

(iO CoHgHSOj -f- CHsOH 


CJH5HSO4 + H2O 
Ethyl hydrogen 
sulphate 


+ H^SO^ 

Ether 

hydrogen sulphate formed in the first stage reacts with 
Stfrr Jtfi ether and regenerating sulphuric acid. The 

Ihntn ^ more of ether as 

SQ Will* process is thus continuous and is often referred to 

fhen^t ^ f "" ^ continuous etherification process. It is obvious that 
^ ® r™? of Sulphuric acid will etherify an 

com?s' to alcohol, but practically it is not so. The reaction 

adZt TI. c ‘ime unless fresh sulphuric acid is 

on armiint If'! because of the fact that the acid is gradually destroyed 

diliitpH will-. reduction to sulphur dioxide by alcohol and also gets 
diluted \Mth water evolved during the first stage. 

preparaTion'of^fhp!'^*^'^^'^*^*^**p^^**^ The apparatus employed for the laboratory 
El and a thiJm ^ ^ distillation flask fitted with a dropping 

receiver (Fic n is fitted into a filtration flask which acts as a 

t g- ). Tlic side tube of the receiver carries a long rubier tubing, the 


•eraVL ALCOHOL 



I'! :• 







OH, OH ♦ H;SO. 


— TO SINK 


ETHER 






ICE-COLD WATER 

Fig. 1. Laboratory preparation of ether 
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heated OP. a sand baih tiH the dropping funnel at about the same rate 

S^hT: maintained at .40 . 

The distillate contains ether mixed vv.t^^ solutio^a 

lThe*a.!Uo"V-- bath when pu.e 

over at 34 — 35®. 

Details of Commercial Preparation. The plant used f°[ "'an “almoa 

is diagtaramatically shown ,n F'S- T- ' of the acid. Pure conccn.ra cJ 

ssss||.s:»=- H 

ISriS £” " S tS3“&“r ? j 

the recovery of alcohol i nc 4icui 
alcohol*fecd tank. 


NjOH ether vapour 



Fig 2. Manufacture of f-ihcr 


The process is continuous the plant, after being 
.once can run for months together. 


charged with sulphuric acip 
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SUMMARY 


(2) Ether can also be prepared on a commercial scale by passfng ethy? 
alcohol vapour, under pressure, over heated alumina or aluminium phos- 
phate (see general methods of preparation of ethers). 

ether is a colourless, highly volatile liquid boiling: 

soluble in water but is completely miscible witb 
alcohol in all proportions. 

It is highly inflammable and forms explosive mixture with air — a 

property which puts ether on a little disadvantage in its use as an indus- 
trial solvent. 


It gives all the reactions characteristic of ethers. 

IS a very valuable solvent and is used for extracting' 

solutions. It is empIo}ed on a large 
scale m the manufacture of collodion and artificial silk. 


(2) When rapidly evaporated, ether produces intense cooling and 
neiice it is used as a refrigerant. A mixture of ether and dry ice (solid' 
carbon is an excellent cooling mixture giving a temperature as 


(3) A mixture of alcohol and ether is used as a substitute for petrol, 
under the name natalite. 

(4) Ether provides an excellent inert medium for many organic react- 
ions such as the Wurtz reaction and Grignard reaction. 

(5) Ether is most frequently used as an anaesthetic in surgery. It is- 
upenor to chloroform because it produces unconsciousness without 
interlering much with the functions of heart and lungs. 


SUMMARY OF TYPICAL MEMBER 


Preparation. 


Sodium Elhoxidc 
C'cHsONa 


Heat with C0H5I 


Efliyl .ilcoliol 
C.H.OH 



Heat with H«S04 at 140® 


Distil with dry Ag>0 
dr CaHsONa 


Ethyl alcohol 
CoHsOH 


.AI 2 P 3 . (240-260®) 


Ether 

C2H5OC2H5 
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Properties. 


Ether 

QHjiOCiHs 


Reduction 

Na T liquid NHj 


CO, 500 atm. 
125—180®, BFa 


HI 

(Excess) 

< 

HI 

(Insufficient) 


Hydrolyse with dil. H2SO4 
(Heat under pressure) 

Cone HCI 


Cone H2SO4 (cold) 


CH-,COC! or 

(CH 3 C 0)20 


Chlorine 


Ethane + Ethanol 
CoHc C2IUOH 


Ethvl propionate 
C3H6COOC2H5 



Ethvl alcohol 
C>H.OM 


Oxonium chloride 
(CjHOiOlHCl 


Oxonium sulphate 

((C2H3>20H) + HS04 


Ethvl acetate 

CH^COOCJIs 


Oxidation with ozone ^ 

Peroxide 

or oxygen 

(c, 115)20-0 


1—x lyichlorocther 
CHXHCI O C ICH.CH: 




questions , u 

Describe .he general mc.hods of preparation, properties anti uses of ai.phat.c 

‘“’'2; Describe brieOy the ecnctal ^thods for .he pr^^^^^ 

they react with (f) phorus pen.achlorido 7 

Chloride or acetic anhydride (ivj pi v 

Mention the important uses of ethers. 

3. HOW is diethyl ether prepared (f) in the laboratory (») on a commcrcal 
'Scale 7 

<0 Hydn'o^rll” ,rBro"rpCho’rns pen.ach.oride (fr) Sulphuric acid. 


QUESTIONS 


. ^®5cribs the preparation of diethyl ether from ethyl alcohol. Compare and 
^fltrast the properties of ethyl ether and ethyl alcohol. 

methods of preparation of ether and four chemical proper- 
ties ot ethyl ether naming the products formed in the latter case. {Panjab Inter 1961) 

/i,- P‘’ePa>'e‘l in the laboratory ? What are its properties 

and chief uses ? What impurities are likely to be present in it ? {Panjab Inter 1956) 

Obtained from ethanol. 

Prove analyneally and synthetically that ether IS the anhydride of ethanol. What is 

the action of PCI, on ethyl ether ? 

8. How will you distinguish chemically ethyl alcohol from diethyl ether ; 

{Panjab Inter 1951) 

chetnical properties of ordinary ether. 
How may it be synthesised from its elements ? {Panjab Inter 1947) 


CHAPTER XXXIV 


ALDEHYDES AND KETONES 


Aldehydes and ketones form two series of compounds isomeric with 
each other, having the general formula C,tH2„0. Both types of 
compounds contain the bivalent carbonvl group (>CO) in their 
structures. In case of aldehydes, the carbonyl group is united to an 
alkyl radical and hydrogen atom, while in ketones, it carries two alkyl 
radicals. 


R 


H 


\ 


C=0 


Aldehydes 


)C=0 

R/ 

Ketones 


Aldehydes and ketones may be regarded as derived from naraflins by 
the replacement of two hydrogen atoms linked to a carbon atom, at the 
end of the chain (in case of aldehvdes) and in the middle of the chain 
(in case of ketones), by a bivalent oxygen atom. 

H H H 


1 1 1 

Replace 2H 


— C— C- C— H 

* 

CH3-CHa-C = 0 

1 1 1 

by 0 

1 

H H H 


H 

Propan e 


Propanal or Propionaldchyde 

H H H 


0 

1 1 1 

Replace 2H 

11 

Q C— C--H 



CH:.-C-CH3 

1 1 1 

H H H 

byO 


Propane 


Propanone or Dimethyl 
ketone 


Primary alcohols on oxidation give aldehvdes which on further 
oxidation yield acids : (RCH 2 OH — RCHO — ► RCOOH). 
I^ence, aldehydes are also referred to as X\\q first oxidation products of 
primary alcohols. In fact, the name aldehyde originated from nXcohol 
^alayArogenatum, meaning alcohol deprived of hydrogen. 
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5 // 77 //arly, secondary alcohols on oxidation give ketones which on 
furtbtT oxidation yield acids. 


(RCHOH.R 


O 


R.CO.R 


RCOOH) 


called the first oxidation product of secondary 

Fi^t few members of the series of both aldehydes and ketones are 
given below : 

Aldehydes 


ICetones 


Formula 

Common name 

I U. C. name 

H.CHO 

Formaldehyde 

Methanal 

CH3.CHO 

Acetaldehyde 

Ethanal 

CjHs.CHO 

Propionaldehyde 

Propanal 

C3H7.CHO 

Butyraldehyde 

Butanal 

C 4 H 9 ,CH 0 

es 

Valeraldchyde 

Pentanal 

Formula 

Common name 

I.U.C. name 

CH2.CO.CH3 

Dimethyl ketone 

Propanone 

CH.34C0.C2H5 

Methyl ethyl ketone 

Butanone 

C2H5.C0.C2H5 

Diethyl ketone 

Pentaoone — 3 

CsHsCO.CcHj 

Ethyl propyl ketone 

Hexanone — 3 


When both the alkyl radicals are the same, the ketones are said to 

simple and when the two alkyl radicals are different, they are referred 
to as mixed ketones. 


General Methods of Preparation of Aldehydes and ketones. Aldehydes 

and ketones may be prepared by the following methods : 

1 . By oxidation of alcohols. 


primary alcohols with 
sulphuric acid or chromic anhydride 
(i ssohedi^^ a/cn/m/ vapour mixed 

\Mth air oxer heated silver at 250^ which acts as a catalyst. 

RCH.OH J- O . RCHO + H.O (fg.-g.) 

For example. 



CH.CHjOH 4- O 

Ethyl alcohol 


KjCfoO? 

H0SO4 


CH 3 CHO + HjO 
Acetaldehyde 


Ketones arc obtained by the oxidation of secondary alcohols 
same oxidising agents as for aldehydes. 


using 



CHOH H- O 


R 


\ 


^CO -f- HjO (g.^ex.) 


ALDEHYDES AND KETONES 


39lr 


For example. 


CH3 

CH3 
Isopropyl alcohol 


\ KsCraO, CH 

^CHOH + 0 — - 

^ H2S04 

Acetone 


\C0 H. 


o 


2. By catalytic dehydrogenation of alcohols. 

Aldehydes can be obtained by passing vapour of primarv alcohnic 
over finely divided copper at 30U®. 

Cu (300") 


RCHgOH 
For example, 

CH3CH2OFI 
Ethyl alcohol 


RCHO -r H 


( ex.) 


Cu (300'") 


CH3CHO s- H, 
Acetaldehyde 


Ketones are produced by using secondary alcohols. 


>CHOH 

R^ 

For example, 

CH3. 

>CHOH 

ch/ 

Isopropyl alcohol 


Cu (300®) 


R 


Cu (300®) 


R 


CH 


^CO + H, 


(ex.) 


3\ 


CH 




^CO -i- H 


Acetone 

3. By distillation of calcium (or barium) salts of fatty acids. 

Aldehydes are produced by heating a mixture of calcium (or barium) 
salts of formic acid and of any otner lat‘y acid. 

(RC00)2 Ca -i- (HC00)3 Ca — ► 2RCHO -i- 2CaC03 

For example, 

(CHaCOO)^ Ca + (HCOO). Ca — 2CH3.CHO + 2CaC03 
Ca acetate Ca foriudtc Acetaldehyde , 

Ketones are obtained by heating calcium (or barium) salts of any fatty 
acid (other than formic acid). 


R.COO. 

)Ca 

R.COO/ 


Distil 

> 


R 


\ 


)CO + CaCOa 
R/ 


For example, 

CH^COOv 

)Ca 

CHaCOO"^ 
Calcium acetate 


Distil 



CH3V 

)CO + CaC03 
CH^*^ 

Acetone 


4. By catalytic decomposition of acids. 

Aldehydes can also be obtained by passing a mixture of the vapours 
of formic acid and other higher fatly acid over manganous oxide as 



methods of preparation 


aCOOR + HCOOH 


For example. 


MdO (300*) 


RCHO + COa + HjO 

(f.g.—g.) 


CH3COOH -f H.COOH 

Acetic acid Formic acid 


\ 

MqO 


CH 3 .CHO + CO 2 + HaO 

300* Acetaldehyde 

Ketones are produced by passing the vapour of any fatty acid, other 
than formic acid, over MnO at 300®. 


MdO, 3C0* R 


2 R.COOH 




>CO + COj + HjO 

(S-) 


For example. 


MqO, (300®) 


2CH3 COOH 

Acetic acid 


\ 


CH3 

)CQ + COo + HaO 
CH3/ 

Acetone 


5. By the hydrolysis of dihalides. 


Aldehydes are produced by the hydrolysis of alkylidene dihalides (in 
which the two halogen atoms are attached to a terminal carbon atom) 
with mild alkalies. 


RCH 




Cl Ca(OHj 2 


\ci 

Alkylidene dichloridc 
For example. 


CH3.CH 


/ 

'^Cl 

Lihylidene dichloride 


Cl Ca(OH )2 


-H.O 


/OH 
RCHt; 

^OH -HoO 


RCHO 


CH,.CH^ 


OH 


Unstable 


"\OH 


-f- CaCIo 

ii) 


, CH3CH0 

Acetaldehyde “ 

Since aldehydes get resiniiicd with strong alkalies, the above hydro- 
lysis IS carried out by boiling with a mild alkali such as baryta or an 
aqueous suspension of calcium oxide. 


Ketones are fornu'd by the hydrolysis of alkylidene dihalides (in 

which the two halogen atoms are attached to a carbon atom other than 
a terminal one) with alkali. 


Cl 

OH 

i 

2KOH [ 

R-C-R 

1 

— R-C-R 

1 

OH 

1 

Cl 



O 

II 

R-C-R 

Ketone 
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For example, 
Br 


2KOH 


CH,— C— CH 


CHa. ,OH 


Br 


'\c/ 

Unstable 


-H2O CH, 


\0H 


^co 

CH/ 

Accione 


2 : 2 Dibromopropane 
6 . From Grignard reagents. 

Aldehydes can be prepared by the action of Grignard reagents uiih 
•excess ol ethyl formate. 


RMgBr + HCOOC 2 H 5 
For example, 


CHgMgBr + HCOOQH 5 

Methyl magnestum Ethyl formate 
bromide 


RCHO -i- Mg^ 


Br 


OC,H 




OC,H 


CH 3 CHO + Mg 

Acetaldehyde ^Br 


2**5 


Ketones can be prepared by the action of acid chlorides wiih Grig- 
nard reagents. 


>C=0 + R.Mg. Br 
CK 


Ci^ ^OMgBr 


Acid chloride 

R\ R 
Cr ^OMgBr 

For example, 

CH 3 V 


2 H 2 O 




R 


/C<' — )c=o 

HO^ ^OH “HoO R/ 
Unstable Kcionc 


Cl 




C=0 -1 


Acetyl chloride 


CH 


CH. 


3\ 


CMaMg Br 

Mctliyi mag. 
bromide 

2H^O CH, 


Cl^ ^OMgBr 


CH 3 


CM, 


\ 


Cj^ ^OMgBr 


-H..O Ch/ 

Acetone 


c-o 


HO^ ^OH 

Unsiab'e 

7. By the reduction of acid chlorides. 

Aldehydes can be prepared by the reduction of acid chlorides with 
hydrogen in the presence of palladium catalyst precipitated on barium 
sulphate (which acts as a poison and checks the reduction of aldehyde 
to alcohol). (Rosenmund s reduction). 

O PC 

j- H. 


R-C 


\ 


Cl 


/O 

R-C^ 

\h 


+ H, 


+ HCl 
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for example, 

CH,-Cf + H, 

\ci 

Acetyl chloride 

Ketones. There is no 
ketones. 




CHa-Cf 

Acetaldehyde 


+ HQ 


analogous method for the preparation 



Physical Properties. Formaldehyde, the first member of the aldehyde 
series, is a gas at ordinary temperatures. All other aldehydes and 
ketones up to about Cn are colourless, mobile liquids, the higher 
members are solids. As a rule, aldehydes possess an unpleasant 
pungent odour while ketones have a pleasant smell. Even in the case 
of aldehydes, the higher members possess a fruity odour so much so 
that aldehydes containing 8 to 15 carbon atoms are used in perfumery. 

The first few members of both aldehyde and ketone series are freely 
miscible with water but solubility rapidly falls with the rising molecular 
weights, the higher members being particularly insoluble in water. 
They are, however, freely soluble in organic solvents such as ether,, 
alcohol, etc. 


Chemical Properties. 


I. REACTIONS COMMON TO ALDEHYDES AND KETONES 


A. Common Reactions due to Carbonyl Group. 

Because of the presence of the common >C=0 group in their 
structure, aldehydes and ketones exhibit a number of common proper- 
ties which are known as the reactions of the carbonyl group. 

These reactions are of two types : 

{i) Addilion reactions involving adiiition at the double bond of the 
carbonyl group. 

(ii) Replacement reactions involving replacement of the oxygen of 
the carbonyl group by other atoms or groups. 

(a) Addition Reactions of the Carbonyl Group. 

(1) Addition of hydrogen. Both aldehydes and ketones add a mole- 
cule of hydrogen in the presence of a catalyst (copper or nickel) form- 
inc primary and secondary alcohols respectively. 


\C=0 + H, 


\c=0 + H, 
R 


Cu or 




R 


H 




H 


OH 


or 


Primary alcohol 



CHOH 


Secoodary alcohol 


RCHgOH 
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Reduction may also be carried out by nascent h>drogen, prepared by 
the action of sodium amalgam and water ora metal and dilute acid. 
Another elegant reducing agent is lithium aluminium hydride. 

(2) Addition of sodium bisulphite. Both aldehydes and ketones react 
with sodium bisulphite forming crystalline compounds known as 
bisulphite compounds. 


\C=0 -f NaHSO; 

)C=0 + NaHSO: 
R/ 


R. /OH 
\c^ 

^SO,Na 

Aldehyde bisulphite 

R. /OH 
\c^ 

r/ \sO3Na 

Ketone bisulphite 


These bisulphite compounds arc readily soluble in water but are insoluble in a 
saturated solution of sodium bisulphite. Hence, the reaction is earned out by shaking 
the aldehyde or ketone with a saturated solution ol sodium bisulphite when the 
bisulphite compound of aldehyde or ketone is thrown out. 

On warming with dilute acids or alkalies, the bisulphite compounds are 

decomposed to give back the original aldehyde or kcionc. Henge/ihc formation of 

these compounds is used for the purification and separation of aldehydes and ketones. 

(3) Addition of hydrogen cyanide. Both aldehydes and ketones add 
on hydrogen cyanide to form cyanohydrins. The reaction is carried out 
by treating the carbonyl compound with sodium cyanide and dilute 

sulphuric acid. 


V=o 

;c=o 

R^ 


HCN 


HCN 


R. /OH 

\ p/ 

^CN 

Aldehyde cyanohydrin 

R\ OH 
R'^ ^CN 

Ketone cyanohydrin 


(b ) Replacement Reactions of the Carbonyl Group. 

Both aldehydes and ketones react with many reagents to lorm 
nroducts in which the oxygen of the carbonyl group is replaced by a 
bivalent group or two monovalent atoms. These reactions generally 
involve the elimination of a molecule of water. 

The important replacement reactions arc given below : 


(1) Reaction with liydroxylaniine. Both aldehydes and ketones 
react readily with hydroxylaminc forming oximes. 


\c= O : H, NOH 
\V 

Hydroxylaminc 


'\C = NOH : H2O 

W 

Aldoximc 
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R 




R 


R 




;C^ O -f H* NOH 


^C=NOH + HaO 


R 

Ketoxime 


Hydroxylaraine 

Oximes are well-defined crystalline solids and may be used to iden- 
tify carbonyl compounds. 

(2) Reaction with hydrazine. Both aldehydes and ketones react 
with hydrazine to form hydrazones. 


0 -f Ho N.NH 

Hydrazine 

>C= 0 -f- H. N.NH 


R 


H 




/ 


C-N.NHo -f HaO 


Aldehyde hydrazone 

R 


R 


^C = N.NH2 + HsO 


Ketone hydrazone 

(3) Reaction with phenyl hydrazine. Both aldehydes and ketones 
react with phenyl hydrazine forming phenyl hydrazones. 


R 


H 


R 


R 


O -r Ho N.HN.QHs 
Phenyl hydrazine 

Xc= o Ho N.HN.QH, 


R 


V^N.HNQHs -r HoO 

W 

Aldehyde phenylbydrazone 

^X 

)C=N.HNCeH6 + H^O 
R/ 


Ketone phenylbydrazone 

(4) Reaction with phosphorus penlachloride. Both aldehydes and 
Ketones react with phosphorus pentachloride when the oxygen of the car- 
bon)! group IS replaced by two chlorine atoms. 


CH,. 

^ n 

Acctaidch\i.ie 




CJ 


-f- PCIo 


\ 


Cl 


CH^CHClj + POCIj 

Ethylid<;nc 

dichloride 


CH., . 


\ 


Cll / 

Aw Clone 


C-0 


PCI, 

X 

Cl 


Cl 


CH, 

CH 


\ 




;CClo + POCl 


2 : 2 Dichloropropane 

B. Common Reactions due to Alkyl Group 

Apart from the carbonyl group, aldehydes and ketones have one 
thing more m common, viz., the alky! radical. Hence, both aldehydes 
and ketones give the following reactions : 
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( 1 ) Halogenation. Chlorine or bromine replaces one or more 
hydrogen atoms in aldehydes and ketones, giving halogenated products. 
For example, 

CH3CHO -f Bra — CHaBr.CHO ^ HBr 
Acelaldehyde Bromoacetaldehyde 

CH3CO.CH3 + Bra ► CHaBr.CO.CH3 -i HBr 

Acetone Bromoacetone 


( 2 ) Reaction with sulpharyl chloride. Both aldehydes and ketones 
readily react with sulphuryl chloride at room temperature forming 
chloroderivatives. For example, 


CH3CHO 

Acetaldehyde 

CHvCO-CHa 

Acetone 


SO .Cl , 


CH.CLCHO 

Chloro-acetaldeydc 


so^ci. 

— i CH3.COCH2C1 

Chloro-acetone 


C. Condensation Reactions. 


Another set of reactions common to both aldehydes and ketones 
are the condensation reactions involving the union of two or more identi- 
cal or difTerent molecules with or without the elimination of water or 
any other simple molecule. For example, 

( 1 ) Aldol condensation. Acetaldehyde in the presence of dilute 
t;odium hydroxide, potassium carbonate, or hydrochloric acid, under- 
goes condensation giving a syrupy liquid known as aldol. The reaction 
involves the carbonyl oxygen of one molecule and an a-hydrogen atom 
in a second molecule of the aldehyde. 


CH3-C = 0 -I- H.CH3CHO — •. CH,-C (OH). CH.CHO 

Acetaldehyde Acetaldehyde Aldol 


( 2 ) Condensation of ketones. This is usually accompanied by the 
elimination of water. Thus, acetone, when heated with hydrochloric 
acid, gives mesityl oxide (solid) and phorone (liquid). 


CH3V 

(i) yc o H, CHC0CH3 

CHa^ Acetone 

Acetone 


HO CH 


"^C-CH.CO.CHaq-HaO 


CH3 

Mesityl oxide 


ov 


CH, 

CH. 


\ 


C O H, CH CO.CH. H, -i O =C 


Acetone 


Accione 
HCI 


\ 


CHa 


CH 




1 


CHa 

CH 


^C- 


CH. CO. CH=C^ 

^CH 


Acetone 

CHa 


Phorone 
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Similarly, acetone when distilled with sulphuric acid yields mesitylene. 

CH, 


hc4 -" TOCH 




LOC-CH 


CH5C<,0^^ '•■•3 

V'^ 

ACETONE IS MOLECULES) 


HC^ CH 


CHjC ^C-CH, 
. CH 

mesitylene 


II. REACTIONS GIVEN BY ALDEHYDES ONLY 

Because of the presence of active hydrogen atom in aldehydes and 
its absence in ketones, the two families differ considerably from each 
other. Thus, the following reactions are given only by aldehydes : 

(1) Oxidation. Aldehydes are readily oxidised to acids containing 
the same number of carbon atoms. 

For example, 

.H H0SO4 /OH 

K-Ci +0 — R-C^ 

KoCraO, \ 


Ketones cannot be easily oxidised. On more drastic treatment, 
however, they get oxidised giving acids with lesser number of carbon 
atoms than present in the original ketone. Oxidation is accompained 
by rupture of the molecule, e.g., 

K.^CT20'j!li^S0^ 

CH.T CO. CHo. CH, " — ► CH3 C90H + CH3COOH 

Mcihyl ethyl keionc or HNO3 AccUc acid 

(2) Reducing properties. Since aldehydes can be readily oxidised, 
they act as strong reducing agents. 

(i) They reduce ammoniacal solution of silver nitrate to metallic silver. 

2NH40H -HoO 

2Ag NO, — > 2Ag0H — AgsO 

Ag,0 RCHO — - RCOOH -f 2Ag 

y/.c mctailic silver forms a mirror on the walls of the containing 
vessel and serves as a test far aldehydes. 

(ii) They also reduce /e/j/mg solution, is, an alkaline solution of 
copper sulphate (containing Rochelle salt to prevent its precipitation as 
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hydroxide) is reduced to red cuprous oxide. 

2NaOH ^ ^ 

CuSO, — Cu(OH). — CuO 

+ 2CuO — ► RCOOH — Cu.O 

This reaction is also used for the identification of aldehydes. 

Ketones do not reduce FehUng solution or ammoniacal silver nitrate. 

(3) Schiff's reaction. When a dilute solution of an 
m m'/oeiiia solution (rosariline hydrochlonde-a 
beei/d^ecolorised by sulphur dioxide, the original red colour re> 
i^mmediately. This is known as schiff's reaction and is used as a t 

aldehydes. u i .... 

Ketones do not respond to schiff’s reaction. Acetone, however, restores the colour 

of magenta but \ery slowly. 

The mechanism of the reaction is not known. 

{4\ R<.Mnification Aldehydes (except formaldehyde) when warmed 
with i cofee”" alkali solution 'give Sark coloured res, nous products 

known as aldehyde resins. 

For example, 


NaOH 


CHnCHO)/! 

Resin 


n CH3CHO 

Acetaldehyde ,.,11 

Formaldehyde, on the other hand, gives a mutture of methyl alcoltol 
and aTk”h formate . this is known as Cannirraro s react.on. 


HCOONa 

Sodium formate 


CHPH 

Methyl alcohol 


2HCHO + NaOH 

aldehyde-ammonias. 


R 


\c = 0 + H 2 NH 


H 


^NH 


Aldehyde ammonia 

Formaldehyde, on the other hand, gives hesamethylene tetramine, 
also known as urotropine. 

/ht’ “ a^hiir Hci‘‘t^t:hytru:'roppt'tUa^ 


acetals. 

R 


\c= o 

\v 


H 

H 


OQH3 

OC3H. 


H.O 


R OCJ l : 


Acetal 
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(7) Reaction with aniline. Aldehydes react with aniline to form anils. 

R\ Rv 

>C=‘ 0 -f- Ho N.CeHj ^C-N.CeHs + H,0 

n- Anil 

(8) Polymerisation. The lower aldehydes readily undergo poly- 
merisation to give a varietly of products under difierent conditions (see- 
individual members). 

INDIVIDUAL MEMBERS OF ALDEHYDES 

FORMALDEHYDE. METHANAL. H.CHO 

1. Laboratory Preparation. Formaldehyde is prepared in the labora- 
tory by the catalytic oxidation of methyl alcohol. A platinum spiral' 
or platinised asbestos is used as a catalyst. The apparatus is showm 
in Fig. 1. 


PLATINISED ASBESTOS 



Fig. 1. Preparation of Formaldehyde from Methanol. 


Methyl alcohol is taken in a round bottom flask connected to a combustion tube- 
filled with platinised asbestos. The combustion tube is further connected to a filtration' 
flask as shown. A steady current of air is led into methyl alcohol through a glass 
tube, by applying suction in the filtration flask with the help of a water pump or an 
aspirator. The flask containing methyl alcohol is placed in a water bath kept at about 
40®C. The combU'tion tube is heated in the meantime. Methyl alcohol vapour 
carried by air, when passed over heated platinised asbestos, gel oxidised to formal- 
dehyde (eas) which is absorbed in water in the filtration flask to give formalin. 
(A 40 per cent aqueous solution of formaldehyde is known as formalin). 

2. Manufacture (i) Formaldehyde is prepared industrially also - 
by the catalytic oxidation of methyl alcohol. A mixture of methyl 
alcohol \:\pour and air Is passed over a catalyst, consisting of molybde- 
num trioxide and ferric o.xide. About 95 per cent of methyl alcohol is 
oxidised to formaldehyde which is dissolved in water giving formalin. 

CH 3 OH ^ |0., — i. H CHO + HsO 

Methyl alcohol Formaldehyde 

(ii) Formaldehyde is also prepared on a large scale by the controlled 
oxidation of methane under pressure, in the presence of catalyst such as- 
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molybdenum oxide. 


CH4 +Of 

Methane 


MoO 


H.CHO + 

Formaldehyde 


H.O 


sodium bisulphite ; condensat.on w ih fj"' rmanganaie; reduc 

hydrazine ; oxidation with potassium nitrate; 'scltiff's 

• w'”-" ” 

the — CHO group instead of an alkyl radical. 

Following are the distinctive reactions of formaldehyde. 

• \x/v»<kn with fiminoniSi if docs 

( 1 ) Reaction with ammonm Wh crystalline 

nnt form aldehyde-ammonia but gives insieau 
compound, hexamethylene tetramme or urotropine. 


6 HCHO + 4NH3 

Formaldehyde 


(CH.JeN^ + eHjO 

Hexamethylene 
tetramine 


C, -i« -'“Tr wS« 'S™« 

STniHarolreSrforming 'methyl alcohol and sod.um formate. 


iH.CHO + 

Formaldehyde 


H ,0 


NaOH 


CH3OH 

Methyl alcohol 


-1- H. COON a 

Sodium formate 


rui niatuwMjwv 


n CHgO + HoO 


(CHoO),..H50 
Paraformaldehyde 


Paraformaldehyde regenerates formaldehyde on heating. 
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trioxane. Also when allowed to stand at room temperature, formal- 
dehyde gas slowly undergoes polymerisation giving trioxane. 
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trioxane 


Trioxane is a white solid (m.p. 61—62®), soluble in water. On 
heating it readily yields formaldehyde. 

(Hi) When treated with weak alkalies, for instance, calcium hydro- 
xide, formaldehyde polymerises to give a mixture of sugars of the 
formula QHioOo, known as formose. The sugars are presumably formed 
through a chain of aldol condensations. 


O 

H 




h-c4-h-c-|-h-c-|-h 

H H H 

FORMAIDEHYOE t« MOLECULES) 


C+H 

I 

H 


H 


O 

II 

C 


H 



POLYMERISATION 


OH OH OH OH OH O 

I I I I I II 

H— C— C— C— C— C— C 

I I I I I I 

H H H H H H 

FORMOSE 


(4) Condensation with phenol. Formaldehyde readily condenses 
with phenol, on heating, giving artificial resins and plastics known as 
bakelite. These are extensively used in the preparation of telephone 
parts, electric switches, etc. 

Uses. Formaldehyde is placed in the market in the form of a 40 
per cent aqueous solution known formalin. It is used as a disinfectant 
lor sterilising surgical instruments; as a preservative for biological 
specimens ; for the production of bakelite and other plastics and also as 
a redui ing agent in the silvering of mirrors. 

Tests. Formaldehyde can be identified by the usual reactions of aldehydes. 

It also gives the following specific tests, not given by any other aldehyde ; 
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(/) A freshly prepared solution of pyrogallol is mixed with formaldehyde 
solution and excess If concentrated hydrochloric acid added to it. After 
a few minutes, a while precipitate is obtained which rapidly turns pink and finally 

^deep red. 

07) To an aqueous solution of formaldehyde are added 
hydrazine, 1-2 drops of freshly prepared "itroprusside solution and a few drop^^^^^ 
sodium hydroxide, when a deep blue colour, readily changing g . 
finally to red, is obtained. 

ACET.ALDEHYDE, ETHANAL, CH3CHO 

Laboratory preparation. Acetaldehyde is prepared in the laboratory 
by the oxidation of ethyl alcohol with sodium dichromate and dilute 



Fig. 2 . Laboratory Preparation of Acetaldehyde. 


sulphuric acid. An excess of alcohol is used in order to avoid the 
further oxidation of the aldehyde to acetic acid. 


The apparatus used is shown in Fig. 2. 


inn ml of water is mixed with 35 ml. of concentrated sulphuric acid and placod 
1 A k itrvm ii-i^L fitted with a droppifiK tunnel and connected lo a water 

n5erser% rSf polLsilm dichromatc^s dissolved in 101) ml ot water 10 whiJi 
Xrof ethyUlcoh This solution is transferred to the dropping 

funnel. 

The distillate consists of a mixture of acetaldehyde, water and some alcohol which 
is collected in a receiver placed in ice-cold water. 

ahoS- 

obtaiHid by converting it into aldehyde ammcnia. 
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For this purpose, the crude aldehyde obtained above is heated gently on> ai water 
bath, in a fiisk fitted with a water condenser. The upper end of the condenser is* 
connected to a glass tube dipping in ether which is taken in a conical flask plated in. 
a freezing mixture. In 10*15 minutes, most of the aldehyde (b. p. 21®J distils over, 
leaving behind the water and the alcohol in the flask. 

The ether solution of acetaldehyde is then saturated with gaseous ammonia and* 
the solution allowed to stand in a freezing mixture when crystals of acetaldehyde- 
ammonia separate out. 

These crystals are distilled with dilute sulphuric acid on a water bath and the 
aldehyde evolved is collected in a water cooled receiver. The distillate is dehydrated 
by adding anhydrous calcium chloride and redistilled. 

The various reactions are : 


(/) CH3CH2OH + (O) 
Ethyl alcohol 

(H) CHav 

)C = O + NHs 
Acetaldehyde 


K2Cr207 

H2SO4 


m CH 


\OH 

Acetaldehyde ammonia 


CH3CHO + HaO 
Acetaldehyde 

CHav >NH2 

\0H 

Acetaldehyde ammonia 


NHa + H OH H8SO4 CH 


OH 


h/^<oh 

j-HzO 

CH3 . CHO 
Acetaldehyde 


Commercial PreparaHon Acetaldehyde is prepared on a commercial' 

scale ; 


ti) By the catalytic oxidation of ethyl alcohol. A mixture of ethyl' 
alcohol vapour and air is passed over a silver catalyst at 250®, 


CH3.CH2OH -! i O2 — ► CH3.CHO + HaO 

250' 

(ii) By the catalytic hydration of acetylene. Acetylene gas is passed 
upwards through a hot packed tower, down which flows a solution of 
20 per cent sulphhric acid containing a small amount of mercuric 
sulphate. Acetylene is converted into acetaldehyde. 


CH = CH H2O 

Acetylene 


HgSOj 

^ CH3.CHO 

HaSOi Acetaldehyde 


(Hi) By the catalytic dehydrogenation of ethyl alcohol. Alcohol 
vapours when passed over copper at 300*, lose hydrogen giving 
acetaldehyde. 


CH3CH2OH ^ CH3.CHO + Ha 

Ethyl alcohol 300^ Acetaldehyde 


Properties. Acetaldehyde is a colourless, pungent smelling, highly 
volutile liquid, boiling at 21°. It is miscible with water, ethyl alcohol 
and ether in all proportions. 
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It gives all the reactions characteristic of aldehydes (see general. 

of Acetaldehyde. Acetaldehyde readily undergoes 
polfmersation giving different products under different conditions. 

(i) When treated with a few drops of concentrated ^“Iphor.c 
a brisk reaction starts resulting in the formation of paraldehja 
(CHg. CHO)a. It has a cyclic structure. 


CH 




CH 


CH 


CH 


f O 

Ml 


- , CHCH, 


.CH-CH3 


acetaldehyde 

MOLECULES) 


O 

paraldehyde 


(ii) When treated with a few drops of concentrated sulphuric acid' 
at metaldehyde is formed 

H0SO4 

d PH CHO ■■ » (CH3.CH0)4 

4 (Metaldehyde) 

(while solidp m.p. 240 ) 

Metaldedyde is believed to have the following structure. 

CH^— CH— O— CH— CH 3 


0 

1 


O 

I 


CH3-CH-O-CH-CH3 

Uses. (I) The most important use of acetaldehyde is the produc 

tion of acetic acid and acetic anhydride. 

(2) It is also used for the preparation of ethyl alcohol, para e ly c 

” (3) Metaldehyde is used as a portable solid fuel for spirit burners 

and cookers. 

Test. Acetaldehyde gives the usual tests of aldehyde. Besides, it gives 

the '■“"“"I”® ° „i,h sodium nitroprusside and pipierdine. 

^ 2 ! gives a eherry-red colour with a solution of nitroprusside containing 
sodium hydroxide. 
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Chloral, Trichloroacetaldebyde, CCI3CHO 

Chloral is prepared on a commercial scale by the chlorination of 
■ethyl alcohol. Chlorine is passed into ethyl alcohol for many hours, 
first in the cold and then at 60®. The reactions involved may be repre- 
sented as below : 

CH 3 CR.OH r CI 2 — > CH 3 .CHO + 2HC1 

Acetaldehyde 

CH 3 .CHO -h 3CU — ► CCI 3 .CHO -h 3HC1 

Chloral 

The end product, in fact, is not chloral but chloral alcoholate (a 
crystalline compound) which is distilled with sulphuric acid to recover 
alcohol. 

/OH 

CCIgCHf H«S04 — ►CCla.CHO -f C.H5HSO4 + H *0 

OCoH. Chloral 

• 

Chloral alcoholate 

Properties. Chloral is a heavy colourless oily liquid having a charact- 
eristic pungent odour. It is insoluble in water. It is used as a hypnotic. 

Chemically, it gives the usual reactions of aldehydes. It forms 
addition products with ammonia, hydrogen cyanide, sodium bisulphite 
and condensation products with hydroxylamine, hydrazine, phenyl- 
hydrazine. 

It can be easily oxidised with nitric acid to give trichloroacetic acid. 

HNO3 

CCI3.CHO + — ► CCI3.COOH 

Trichloroacetic acid 

Hence, it acts as a reducing agent as well. Like aldehydes, it reduces 
Fehling solution and ammoniacal solution of silver nitrate. 

When boiled with alkalies, it gives chloroform. 

CCI 3 CHO ; NaOH — ► CHCI 3 -h HCOONa 

Chloroform 

Chloral forms a hvdrate with water. 

yOH 

CCI,.CHO -i- H..0 — > CCLCHC 

^OH 

Chloral hydrate 

Chloral hydrate is one of the rare organic compounds which arc 
^lablc, although containing more than one hydroxyl groups attached to 
the same carbon atom. 
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CH,\ 

^CO - CaCO, 


acetone PROPANONE, CH3.CO CH3 
This is the first atrd the most important member of the series. 
Laboratory Preparation. Acetone is prepared in the laboratory by 
heating calcium acetate. 

CH 3 CO O. Disli! 

/Ca — ► 

CHrOCO^ 

Calcium acetate 
The apparatus used is shown in Tig- -J. 

. • ;c in a drv hard glass tube connected to a reflux 

condenre?' as “ The olhe? 'cod of .he condenser carries an adaprer dipping in 

the receiver. 

.. in fhP heoinninc. moving the flame over the tube, in 

The tube tube is heated strongly with full 

Samr°HeaUng is cTn^nufd till the reaction is complete and the entire amount ol 

the acetone formed has distilled over. 


CH 3 

Acetone 



The dis,iha.c obiained is treated ^.h 

■5rnpr:;^^he ^K^tphoe .0 yield aeetone. 

VrlVll C/''t K3 i 


CHdv^ ^SO.,Na 

(>■) -..V = 0 + ^ e .. 


CH 3 

CH 3 


f/l) 


CH 3 \ /SO:,.Na 

ch/‘^^oh 


Hydrolysis 

Na^COa 


CH:,^ ^on 

Acetone bisulphite 

CMa^ /OH -H.O Cll3^ 


CHd 


,co 

CH, 

Acetone 


The distillate coniains acetone and some svater. The latter is removed by adding 
-ynhvdrous calcium chloride. . u 

Manufacture. Acetone is prepared on a commercial scale by a 
Tyiimber of methods. , . • j 
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HOH CHa 

CH3-CH-CH3 — »• 

I CH3 

HSO 4 Isopropyl alcohol 

Isopropyl alcohol is then de-bydrogenated by passing over copper 
at 300® to give acetone. 

CH 3 . Cuat300° CH 3 V 

VhOH — ♦ >CO + Ha 

CH3' C\i/ 

Isopropyl alcohol Acetone 

(2) From acetic acid. Large quantities of acetone are obtained these 
days from acetic acid. The vapour of acetic acid are passed over 
calcium oxide or manganous oxide at 300 —400® to yield acetone. 

MnO or CaO 

2CH3COOH — CH3.CO.CH3 + COa + HgO 

Acetic acid 300-400® Acetone 

(3) From wood distillation. The crude acetone obtained from wood 
distillation {cf. manufacture of methyl alcohol) is treated with sodium 
bisulphite, when solid acetone bisulphite is obtained. It is separated 
and distilled with sodium carbonate solution to recover pure acetone 
(cf. laboratory preparation of acetone). 

The calcium acetate obtained from wood distillation can also be con- 
verted into acetone. 

CHaCOOv Distil CH 3 \ 

>Ca — >CO -h CaCOg 

CH 3 COO/ CHa^ 

(4) Fermentation Process. Now-a-days, acetone is being prepared 
by fernientation process. During the fermentation of starch or molasses 
to n-butyl alcohol, which is carried in the presence of Chlostridium 
Acetobiitylicum, acetone is obtained as a by-product and is separated by 
fractionation. 

Purification of acetone. The best method of purifying acetone con- 
sists in saturating it with sodium iodide at 25—30®. The solution is 
cooled to— 10' when the compound Nal.SCHgCOCHg crystallises out. 
It is separated and decomposed by warming to 30® when pure dry 
acetone is obtained. 

Properties. Acetone is a colourless liquid with a characteristic pleas- 
ant odour. It boils at 56® and is highly inflammable. It is miscible 
with water, ethyl alcohol and ether in all proportions. Itself it is an 
excellent solvent. 


treatment with sulphuric acid. 
CH3-CH=CH3 -f H.HSO4 ■ 

Propylene 


\CH0H 
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Chemically, it gives all the reactions of ketones (cf. general 
«properiies). 

Uses. Acetone is extensively used as a solvent for acetylene, cellulose 
acetate, cellulose nitrate, celluloid, lacquers, etc. 

It is used as a starting material for the production of iodoform, 
chloroform, sulphonal, etc. 

Tests, feeafr -err. About 5 ml. of^^he ^tw°drop1o~y prepared 

iolut'ion S- sodium nmopr^^iiide added to it. A ruby-red colour, fading to yellow on 
Standing, is obtained. 

I'>\ ti’U A bout 2 ml. of the acctooe solution is taken in a (esMube 

and l^Lfd^'mntoniu^ 

bl”crpHTte r„d iodoform is produced which can be detected 

'by its peculiar smell. 

Alcohol docs not form iodoform in this manner. 

,3) A small -oun. ‘"/mUe 

.S' rydr«ide\^'d“ Ssi; stirred. A blue colour of uuU,o,in ,s rapidly 
produced. 

SUMMARIES OF TYPICAL MEMBERS 

preparation and properties of acetaldehyde 


Preparation. 


Distil with Ca formate 


Ca*acctatc 

(CH:iCOO)Xa 


Acetic acid 

CHj.COOH 


Ethyl alcohol 

CHaCHjOH 


Ethyl alcohol 
CHsCHjOH 


Ethyl alcohol 
CH3CH4OH 


Heat with H.COOH in 
the presence of MnO 300'^ 

Oxidation, K■iCriO^!H^iSO^ 


Oxidation, catalytic 
(Air. Ag, at 250“) 

Cu at 300“ 


Acetaldehyde 

CH3.CHO 
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SUMMARIES 


4 


Acetylene 

CH=CH 


Butylene 

CH3CH=CHCH3 


Acetvl chloride 
CH3COCI 


Grignard reagent 
CH3. Mg.Br 


Ethvlidene chloride 
■CH 3 CHCI 2 ■ 


Properties. 


Acetalriehvtle 

circiio 


H 2 O. HgS04. H2S04 


Ozonolysis 


Reduction, H 2 , Pd. 


React with HCOOC 2 H 5 


Hydrolysis by 
CaO suspension 


Addition of 
(Ni or Cu) 

Addition of HCN 


Addition of NaHSOs 


Condensation with 
hydroxyl amine (NH->OH) 

Condensation wiib 
hydrazine (NHa-NHo) 

Condensation with 
C 0 H 5 NH.NH, 

Oxidation 

K^Cr.>07;H2S0i 

Fehlinc solution 


AgNOa ammoniacal 


Acetaldehyde 

CHaiCHO 


Ethyl alcohol 
CH 3 CH 2 OH 


Cyanohydrin 

CHgCHlOHjCN 


Aldehyde bisolphite 
CH3CH{0H)S03Na 


Acctaldoxime 

CH3CH=N0H 


Hvdrazone 

CHjCH^N.NHa 


Phenyl hvdrazone 
CHaCH^NHNCcHs 


Acetic acid 
CH 3 .COOH 


Red ppt. of Cu^O 


Silver mirror 














Acetaldehyde 

CH3CHO 


aldehydes and KEIONES 
KOH aqueous 
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Ammonia 


C2H5OH in ihe ^ 
presence of HCl 

Aldol condensation 

ID the preseoce of HCl 
CU or SO2CI0 


PCU or SOCI2 


Polymerisation in 
the presence of H2SO4 

CHaMgBr 
and hydrolysis 

Schiff’s Reagent 


Resins 


1 


Aldehyde ammonia 
CH3CH(0H)NH2 


Acetal 

CH,CH=(OC 


■•Hs) 2. j 


Aldol I 

CHijCHcOHiCHiCHOj 


Chloro-acctaldtbyde 

CH .Cl CHO 


Ethylidcnc chloride 
CHaCHClj 


Paraldehyde 

(CHaCHO)a 


J 

1 


Isopropyl alcohol I 
(CH3)2CH0H I 


Colour restored 


2. preparation and properties of acetone 


Preparation 

Isopropyl alcohol 
(CH3)2CH0H 


Isopropyl alcohol 
(CHslaCHOH 


Isopropyl alcohol 
(CHsloCHOH 


Oxidation 

K2Cr207/H2S04 

Catalytic oxidation 
Air, Ag at 250^ 

Cu at 300* 


Acetone 

CH3CO.CH3 


Ca-acetate 

(CH3COO)2Ca 


Distil alone 
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SUMMARIES 


Acetic acid 
CH3COOH 


2 2 Dtchloropropane 
(CHsloCCIo 


MnO, 300® 


Hydrolysis by KOH 


Grignard reagent 
CHaMgBr 


CH 3 COCI and 


hydrolysis 


Methyl acetylene 
CH3C=CH3 


Tetramethyl ethylene 
(CH3)2C=^0CH3)2 


H 2 O, HgSO^. H 2 SO 4 


Ozonoiysis 


Acetone 
CHa CO.CH 3 


Acetylene 

CH=CH 


Petroleum 


Wood 


via propylene as from 
petroleum 

Through propylene (obtained 

by cracking), isopropyl alcohol, 
etc. 

Distillation and 
subsequent treatment 


Properties. 


Ht(Cu or Ni) 


Isopropyl alcohol 
{CHa) 2 CHOH 


Acetone 

CH3COCH3 


HCN 


NaHSOa 


Cyanohydrin 

(CH3)2C(0H)CN 


Bisulphite compound 
{CH«) 2 C(OH)S 03 Na 


NH 2 OH 

iHydroxylamine) 


Acetoxime 

(CH3)aC=NOH 


NH...NH. 


(Hydrazine) 


Hydrazone 

(CH3)gC=NNH3 
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Acetone 

CH3.COCH3 


C6H5NHNH3 
(Phenyl hydrazine) 

PCI5 orSOCli 


Drastic oxidation 


CHaMgBr 


CI2 or SO2CI2 


Condensation 

H2S04 

Condensation 

HCl 



questions 

, What are aldehydes and ketones ? Discuss the structural relationship belsveen 
r ihcsc mcihous can w 

“T L, .spare and con-. of ^"“'■'ydes and K=t<^„ 

wra-te”ld?hydes and ketones ? How can they be distinguished from each 

'‘"I' What is a carbonyl group ? Describe the characteristic reactions associated 
vith this group. 

““'T' Describe in detail t (0 the addition reactions Ui) the replacement reactions. 
8 Eaplain the term •condensation" Describe the various condensation reactions 
^ildchydes and ketones. 
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QUESTIONS 


9. How is formaldehyde prepared (/) in the laboratory, (/O on an iodustiiat 
scale ? How would you differentiate formaldehyde from other eddebydes ? Write ft 
brief note on the polymers of formaldehyde. 

10. How is formalin obtained 7 To what uses is it put ? What specific tests would 
you apply for its identification ? 

11. Describe in detail the laboratory preparation of acetaldehyde. How would 
you distinguish it from formaldehyde ? 


12. Describe the various methods for the commercial preparation of acetaldehyde. 
Compare and contrast the properties of acetaldehyde with those of acetone. 


13. Describe the important methods used for the production of acetone on aft 
industrial scale. Mention its important uses. 

14. How is chloral prepared ? Describe its properties and uses. How do» 
chloral react with water and ethyl alcohol ? 

15. Give five general methods of preparing aldehydes and two chemical properties- 
and two uses of formaldehyde. 

16. Enumerate various tests by which aldehydes can be differentiated from 

ketones. (Panjab Inter 19S7y 

17. Give general methods of preparing aldehydes and their important reactions. 

(PanJab Inter /955> 

18. Give the formula, physical state and some outstanding properties of the 

following : (fl) Formaldehyde. (6) Acetone. (Panjnb Inter 1954) 

19. To what class of organic compounds does a substance with a molecular fo> 

mula CsHoO belong ? How can such compounds be obtained and what are their 
usual reactions. (PanJab Inter 1950, 1946) 

20. Starting from acetaldehyde how would you obtain the following : 

(a) Ethyl alcohol (b) Chloroform (c) Acetic acid (d) Acetone (e) Methane 
(jO Formaldehyde (g) Acetylene (h) Ethylidene chloride (i) Aldchyde-oxime and 
(/■) Aldehyde phcnylhydrazone. (Panjab Inter 1948) 

21. Give the preparation and important properties of acetaldehyde. How can it 

be distinguished from formaldehyde and acetone ? (Panjab Inter 1948) 

22. Explain what is meant by Addition, Polymerisation and Condensation. Illus- 
trate your answer from aldehydes and ketones. (PanJab Inter 1964) 


CHAPTER XXXV 


CARBOXYLIC ACIDS 


Carboxylic acids are compounds having the carboxyl grou^-COOH. 


-'S:, sso .. .f ... " 

a molecule of the carboxylic acid. 

monocarboxylic acids 

“^Uyl group. For instance, 


H 


H 


H-C-H 

1 

H 

Methane 

H H 
I I 

H-C-C 

I i 

Ethane 


Replace H 
by-COOH 


H 


-C— COOH 
I 

H 

Acetic acid 

H H 


H 


Replace H 
by-COOH 


h-c-c-cooh 

I I 
H H 

Propionic acid 


The genera, formula of the series is CnH. COOH or R.COOH 

where R may be H or any alkyl radical. 
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GENERAL METHODS OP PREPARATION 


The names of a few members of the series are given below : 
Formula Common name /. U. C. name 


H.COOH 

CH3.COOH 

CgHc.COOH 

C3H7.COOH 

C4H9.COOH 


Formic acid 
Acetic acid 
Propionic acid 
Butyric acid 
Valeric acid 


Methanoic acid 
Ethanoic acid 
Propanoic acid 
Butanoic acid 
Pentanoic acid 


Sometimes, these acids are also named as alkyl derivatives of acetic 


acid. 

For example, 

CH3CH3.COOH 

CH3.CH3.CH2.COOH 

CH, 


CH3-CH-COOH 

(CHa)3C.COOH 


Methyl acetic acid 
Ethyl acetic acid 

Dimethyl acetic acid 
Triraethyl acetic acid and so on 


General Methods of preparation. The following methods are avail- 
able for the preparation of fatty acids : 

(1) 11 y (lie oxidation of alcohols and aldehydes. Primary alcohols 
and aldehydes on oxidation with acid dichromate yield fatty acids. 


R CH .OH 

Primary 

alcohol 

For example, 


O 

R.CHO 

Na 2 Cr 2 C 7 /H 2 S 04 Aldehyde 


O 

— R.COOH 

Na 2 Cr 307 /H 2 S 04 Acid 

ig.-v.g.) 


CHa.CHgOH 
Ethyl alcohol 


O 


CH3CHO 

Acetaldehyde 


CH3.COOH 
Acetic acid 


of alkjl cyanides. Alkyl cyanides, when hydro- 
lysed with mineral acids or alkalies, produce acids. 


R . C=N -}- H.OH 


r 


Rearrangement 


Acid or 
alkali 


OH 

I 

R— C=NH 


O 

I! 

R— C-NH 

Amide 


For example, 

CH 3 .C = N 
Methyl cyanide 


H2O 

Acid or 
alkali 


R.COOH + (NH3) 
Acid 

(g-—v.g.) 


H.O 

Acid or 
alkali 


CH3.CONH 

Acetamide 


H »0 

— CH3COOH + (NHa) 
Acid or Acetic acid 
alkali 
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(3) By .h. hydrolysis of » ,o .he so,.,. 

when Mro/ysei .v,',/, „„ o/.o//. yeld fa.ty acUs. 

/Cl Hydrolysis 

,-cCc, «HO« , S-C-'O 

— 3HC1 

Unstable 


R.C JOH 


For exampift, 




Cl 


CH.— C-Cl 


.OH 

Hydrolysis / 

^ CH.-C-OH 
(Alkali) \ 


OH 

Unstable 


— H-.0 


CH,.COOH 
Acetic acid 


'^Cl 

Trichloroethane 

(4) By the hydrolysis of esters. Esters when hyJrolyscJ hy nw.en, 
acids yield fatly acids. 

Hydrolysis R' OH 

r.COOR' + HOH — 

(mineral uciU) 


For example. 


CH3.COOC.H. + HOH 

Ethyl acetate 


CH3.COOH H CzHftOH 
H.iS 04 Acetic acid Eih>l alcohol 


uinyi 

l^or instance. 


CHg.OOC.Cisttai 

CilOOC.Ci6H3i 

CHo.OOC.CjiHai 
Tripalmitin 
(oil or fat) 


3HaO 


CHsOH 

I 

CHOH 

I 

CHdOH 

Glycerol 


3c,3H.„cqon 

Palmitic acid 


VWi* 

rsf By the action of carbon dioxide on Grignard reagents. An 
. • ^ f rriffnard reaecnt easily absorbs carbon dioxide forming 

rn addhion product which on subsequent hydrolysis with a nrineral acd 

yields a fatty acid. 


R 


R-Mg-Br 
Grignard reagent 

R 
I 


}. o = c = o 

Carbon dioxide 


0=C-OMgBr 


HCI 


0 =C-OMgBr + HOH 


r_COOH + Mg(OH)Br 
Acid 
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general methods of preparation 


For example. 


CHs-Mg-Br + 0 = C=0 

Methyl Mag. Carbon 

bromide dioxide 

CH3 

I 

0=C-MgBr + HOH 


CH 


0=C-0MgBr 


HCl 


CH3.COOH + Mg{OH)Br 
Acetic acid 


(6) By heating dicarboxylic acids. The dicarboxylic acids of the 
malonic acid series on heating lose a molecule of carbon dioxide giving 
fatty acids. 

.COOH Heat 


RCH 




'^COOH 

Alkyl malonic acid 

For example, 


R.CH2.COOH + CO2 
Alkyl acetic acid 


/COOH 
'^COOH 

Malonic acid 


CH 2 


Heal 


CHg.COOH + CO 2 

Acetic acid 


on sodium alcoholate. (i) The 

with carbon 

Underpressure 

RONa -f CO — ► RCOONa 


For example, 

CHaONa !- CO 

Sodium methylate 


Under pressure 


CHg.COONa 

Sodium acetate 


The sodium salt is then hydrolysed with a mineral acid to yield the 

3Ctd« 

R.COONa + HCl — » RCOOH + NaCI 

can also be 

obtained by /rpf7/;/i.? the alcohol with carbon monoxide at 125—180P 
Tsacatjlys^''^ in the presence boron trifluoride 

BF 3 

ROH + CO — ». R COOH 

500 atm. 

(8) Recently, monocarboxylic acids have been prepared from oleBns 
t>y heating the latter with carbon monoxide and steam under pressure at 
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300—400° in the p^e^ence of phosphoric acid as catalyst. 

H3POJ 

e p CHo = CH.> + CO -t- H 2 O — CH 3 CHo.COOH 

Bhylene ’ 300-400* Propionic acid 

^ pressure 

Physical Properties. The first three members of the series a^e ‘:olour- 
!ess liouids with a pungent smell, readily soluble 

frnm r to C afc Oily Hquids with 30 odouT of fancid butter, sparingly 
Pn^uble^^water wh le L higher members are colourless odourless 
wa“y sohdrSuble in water® All the fatty acids are re.ddy soluble 

in alcohol and ether. 

Chemical Properties. The chemical reactions of acids are due to . 
(a) The carboxyl group, and (bj the alkyl radical. 

(a) Reactions of the Carboxyl Group. 

metal, resulting in the formation of salts. 

RCOOH + Na — ► 

Fatty acid Sodium bait 


For example, 

CH 3 COOH } Na 

Acetic acid 


CHj.COONa 4- 

Sodium acetate 


. 1 ^ OArmod on interaction with alkalies, when the H-atora 

of the carboxyUroup is replaced by the correspond, ng metal atom. 


R.COO H + HO Na 


RCOONa 4- H.,0 


For instance, 

CH COOH 4- NaOH — *- CHsCOONa 4- 

Acc.^ add sodium acetate 

(2) Formation of esters. On heating with alcohol 
of i dehydrating agent (for instance, sulphuric acd), the fatty 

form esters. 

H9SO1 _ 

R.COOH -! R'OH — R COOR' + H,0 
For example. i 

-I- r H OH CH3.COOC0H5 4 - H2O 

‘a^c^^cT 4.hp"£ho. Bthy, acetate 

It is important to 'hat fh“' alloho"' (seepage ''ddS) TheZtte" 

tnly“ydrogen so that thejnechanism of esterificat.on ,s 

R.CO OH + H OR’ R COOR' + H..O 
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general properties 


chlorides. When treated with phosphorns 
pentachloride or thionyl chloride, the fatty acids yield acid chlorides bv 
the replacement of the —OH group by chlorine atom. 

R.COOH + PCI 5 


R.COOH -r SOCI 2 

ThionjI 
chloride 

For example, 

CH 3 .COOH 4 - PCIg 
Acetic acid 

CH3.C00H + S0CI2 

Acetic acid 

(4) Formation of amides. When treated with ammonia, the fatty 
acids give the ammonium salts which on heating lose a molecule of 
water giving amides. 

R.COOH -I- NH 3 — ► R.COONH^ R.CONH, + H 2 O 

' Amide 

For instance, 


R.COCl + POCI3 
Acid chloride 


HCl 


R.COCl + SO2 -F HCl 
Acid 
chloride 


CH3.COC] + POa, + HQ 
Acetyl chloride 


CH 3 COCI + SO 2 

Acetyl chloride 


HCl 


CH 3 .COOH + NH 
Acetic acid 


Heat 


CHaCOONH^ — ^ CHaCONHg 
Ammonium acetate — HjO Acetamide 


penta^hLridi'*^fo?".hf^nvi'’^r^^^^ first with phosphorui 

anjmon£ ^ ^ th'onyl chloride) and then reacting the acid chloride with 


R.COOH 

Acid 


PCI3 or MH, 

R.COCl 

SOCI2 Acid chloride 


R.CONH- 

Amide 


+ HCl 


sodfum heated with acid chlorides, the 

sodium salt, of the fatty acids readily yield the anhydrides. 

R.COO Na -i C! OCR — ► RCO.O.COR 4- NaCI 

Acid anhydride 

For example, 

CH^COONa F CH.i.COCI — » CH COO CO PH 

Aceocacld Accyi chloride Ac^Mo a^hfdd^”^ . 

in the Dresenco'‘’of by heating the fatty acid alone 

t e presence of a strong dehydrating agent such as phosphorus 

pentoxide. 


R.CO OH -- H OOCR 


RCO.O.COR 


paraffins, (i) The sodium salts of fatty acids 
when heated with soda lime, yield paraffins. 
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R.COONa + NaO H 

For example, 

CH, CbONa + ONa H 


(CaO) 


R — H 4- NagCOs 

Paraffin 


(CaO) 


CH4 + NagCOj 

Methane 


Sodium acetate 

(ii) The solutions of sodium or potassium salts of a fatty acids, on- 

electrolysis, give paraffins. 

RCOO- -f K+ 


At anode 


R.COOK 

2RCOO- 


(2RCOO) 


R — R + 2COa 

Paraffin 


fatty 


2H2O 

. 2K 2KOH + 

At cathode 2K+ ► 

For example, 

Elecrtolysis 

2 CHiCOONa — 

Sodium acetate 

R.COO^^ ^ 


-i- 2 COa + 2 NaOH + H| 

Ethane 


R.COO 




Ca 


"^CO + CaCOa 

Ketone 


For example, 

CH^COO 


CH 3 .COO 
Ca acetate 


^Ca 


Distil 


CH 


'^CO 4 - CaCOa 


CH, 

Acetone 


(ii) If the calcium 
is obtained. 

H.COO 


salt of formic acid alone is heated, formaldehyde 


Distil 


\Ca ► H.CHO -1- CaCOa 

H COO^ Formaldehyde 

.f a mUreT^c calcium sa'. <,f the fatty acid and calcium 

fonnate is heated, aldehydes are obtained. 

Distil 

\Ca ► 2RCHO + 2CaC03 

Aldehyde 

R.COO^ 


R.COOv H.COO 

Nca + 

H.COO 
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FORMIC ACID 


For example* 

CHaCOO. 




H.COO 


Distil 


>Ca 


^ ' 2CH3.CHO -I- 2CaCO, 

CH3.COO H.COO'^ Acetaldehyde 

Ca acetate Ca formate 

n I— ^ “ I ■ j m I in the presence of 

phosphorus or iodine (catalyst) all the three hydrogens of acetic acid 
are successively replaced by the halogens. 

Catayst 

CH3 COOH + CL. — CHXl.COOH -i- HCl 


CH^Ci.COOH + CU 
CHCI2 COOH + CL 


CHgCl.COOH + HCl 

Mooochloroacetic acid 
CHCla COOH + HCl 

Dichloroacetic acid 

CCI3.COOH + HCl 

Trichloroacetic acid 


by wfowiJ°g' tSI's’’?*’'' eroup in a substance may be detected 

I' solution of the acid turns blue litmus red. 

carbon effervescence is produced with the evolution of 

an ester “"oSed® S“lphuric acid, a fruity smell of 

Ari distilling with soda lime, inflammable vapour of a hydrocarbon are nht»in 

ed. The residue m the test-tube will give effervescence with dUlTSra?a?ids 

INDIVIDUAL MEMBERS 
FORMIC ACID, A/£:r/f. 4 VO/C / 4 C/D, HCOOH 

prepared for the first time in 1670 by the distilla- 
tion of red ants and hence the name formic acid (Latin, Formictw— ant). 


.'v;. . V 
f ' I • \ 


'/ 


GLYCEROL 

+OXALIC 

ACID 


FORMIC ACID 
SOLUTION 


Fig. 1. Laboratory preparation of formic acid. 
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It also occurs in stinging nettles, bees and wasps and in traces 
in urine and perspiration. 

Laboratory Preparation. Formic acid is be>i prepared by heating oxalic acid 
with glycerol at 120°. 

30 ml. of anhydrous glycerol is taken in a distillation flask and about 30 gni. of 
oxalic acid added to it. The flask is fitted with a thermometer and a water condenser 
(Fig. 1 ) The bulb of the thermometer should dip in the reaction mixture. The 
flask is heated on a sand bath till the temperature reaches 120°. A vigorous effer- 
vescence takes place with the evolution of carbon dioxide. When the rcactmn 
slackens^ the flask is cooled and another 30 um. of oxalic acid added to it. The 
temperature is agaio raised to 120^ when aciucou*' formic acid begins to distit over. 

Reactions. During the first stage of the reaction glycerol forms the monoxal- 
ate which on heating, loses a molecule of carbon dioxide giving glycervl monoform- 
ate. In the second stage, with the addition of more ol oxalic acid and rcheaung, 
the glyceryl monoformate is hydrolysed b> the water ol crystallisation of oxalic acid 

(C2H2O4.2H0O) to liberate formic acid. 

CH,OO.C.COOH 


CHjO H + HO 

I 

CHOH 

I ^ 

CHgO^ 

Glycerol 


OC. coon 


CH2.OOCH 


Heat 



I 

CHOH 

I 

CHoOH 

Glyceryl monoformate 


-H.O 

Hydrolysis 

HOH 


CHOH 

I 

CH;:OH 

Glyceryl monoxa'atc 
CMiiOH 

CHOH t HCOOH 
I Formic acid 

CHoOH 
Glycerol 


The sljccrol set free i, used over and over again. 

r a^.a The aaueous solution of formic acid caii- 

Anbydrous Formi c d ^ formic acid because its boiling 

not be ractionated to 

point (100 5) ‘s aqueous solution of formic acid 

get anhydrous form c.arbonate and the solution so obtain- 

obtained is neutrahsed wnhjea 

cfv'suls are dhed and heated at I0U“ in a current of hydrogen sulphide, 
when anhydrous formic ac.d distils over. 

,HCOO),Pb H H,S -> 2 Ht:OOH I 
Lead formate 

The formic acid so obtained may contain a small amount of hydro- 

gen sulpS which is eliminated by redistilling the acid over lead 

Prenaration. Formic acid is prepared industrially by 

zto*' unde? a presLre of 6-10 atmospheres. A quantitative yield of 
sodium formate^s obtain^d^ _ ^ 

fnrmate 


The sodium formate 
hydrogen sulphate when 
distillate. 


obtained above is distilled with sodium 
anhydrous formic acid is obtained as the 
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FORMIC ACID 


H.COONa f N^HSOi — ► H.COOH + Na^SO* 

Formic acid 
(anhydrous) 

Recent method Now-a-days, formic acid is prepared on a large 
•scale by using steam instead of sodium hydroxide. A mixture of 
•carbon monoxide and water is passed over a catalyst (ammonium 
iodide adsorbed on charcoal) at 200 - 300" under a very heavy pressure of 
about 2000 almospheres. 

Catalyst 

CO -i- HOH — ► HCOOH 

Steam 200—300® Formic acid 
2000 atm. 

Physical Properties Formic acid is a colourless liquid boiling at 
•100*5®. U has a pungent penetrating odour and is strongly corrosive. It 
produces blisters on the skin. It is misciole with water, ethyl alcohol 
and ether in all proportions. 

Chemical Properties. A little consideration of the structural formula 
of formic acid reveals that it has the structure of both an acid and an 
aldehyde. 

O O i 

ii II i 

H -C~OH H— C-4 t)H 

♦ 

% 

Acid Aldehydci 

Hence formic acid combines the properties of an acid and an 
aldehyde. It considerably differs from other fatty acids in its chemical 
behavior. 

The reactions of formic acid can be discussed under two heads : 

(a) Reactions involving the lone H-atom. 

(h) Reactions involving the — COOH group. 

(a) Reactions involving the lone H-a(om. 

(1) Oxidation. Formic acid can be readily oxidised by reagents like 
potassium permanganate, di:hromaie, silver oxide, etc., to give carbon 
dio.xide and water, 

O 

i; 

H— C-OH 

Formic acid 

(2) Reducing properties. Since formic acid can be readily oxidised 
it acts as a strong reducing agent. Like aldehydes, it reduces Fehlin f 
solution and animoniacal solution of silver nitrate {cf. properties o 1 
aldehydes). 


O 

o !1 

— ► HO— C— OH — ^COg + HgO 

Carbonic acid 
(unstable) 
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AgNOj-rNH.OH AgOH 4- NH.NO, 

2 AgOH — > Ag,0 ~ H,0 

H.COOH 4- Ag.,0 — ► 2 ^g ^ H.O 4- CO, 

It also reduces potas^ium permangaQiUe. potassium dichromate, 

mercuric chloride and other ■•xidising agents. 

2KMnO, 4- 3H,SO, -f- 5HCOOH 

— > K.SO, 4- 2MnSO, -r 8H,0-h 5CO., 

2HgC), -r H.COOH — Hg.CU 4- 3HC! CO, 

Mercuric Formic acid Mercurou-. 

chloride chloride 

(3) DecomposUion of alkali salts. Sodium or potassium lormate 
when heated to about 360\ decomposes to give hydrogen and alkali 
oxalate. 

H.COONa Heat COONa 

^ H, 

H.COONa COONa 

Sodium formate Sodium cxalalc 

i(b) Reactions involving the — COOH Group 

(1) Formation of salts. Formic a:id is much stronger than acetic 
acid or any other fatty acid. It readily forms water soluble salts, in the 

‘Usual manner. 

H COOH I NaOH — ► H.COONa 4- H,0 

Formic acid Sodium formate 

(2) Formation of esters. Formic acid, on simple heating with 
alcohols, forms esters. 

H.COOH ' CaH.OH — H.COOC2H5 4 - 

Formic acid tlhyl alcohol Ethyl formate 


(3) Formation of amides. Formic acid combines with ammonia 

forming ammonium formate which on heating jields formamide with 

the loss of one molecule of water. 

H.COOH i NHj — ► H.COONH. 

Formic acid Ammonium formate 


H.COONH, 

Ammonium formate 



H.CONH, H.O 

Formamide 


(4) Reaction with phosphorus pentachloridc. Formic acid is readily 
attacked by phosphorus pcntachloride giving formyl chloride which 
being unstable decomposes to give hydrogen chloride and carbon 


monoxide. 

H.COOH i PCI, 

Formic acid 

H.COCl 

Formyl chloride 


H.COCl 4- POCI 3 4- HCI 

Formyl chloride 

HCI i CO 
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(5) Formation of aldehydes. Calcium formate when heated alone 
gives formaldehyde. 

HCOOv 

>Ca — ^ H.CHO + CaCOg 

HCOO*^ Formaldehyde 

Ca formate 

When heated with calcium salt of another fatty acid, it yields other 
aldehydes. For example, 

CHsCOOk H.COOv 

)Ca + >Ca ^ 2 CH 3 .CHO + ZCaCOa 

CHgCOO^ H.COO^ Acetaldehyde 

Ca acetate Ca formate 

( 6 ) Decomposition reactions, (i) Sodium formate when heated with 
soda lime yields hydrogen. 


H. : COONa + NaO ^ H — H, + NagCOa 

• » 

(ii) Formic acid, when heated alone at 160®, under pressure, decom- 
poses into carbon dioxide and hydrogen. 

H.COOH — » CO* + H, 

('mV In the presence of sulphuric acid, formic acid is dehydrated to 
carbon monoxide. 

H.COOH — CO + HjO 

(iv) Sodium formate, when heated, decomposes to give sodium 
oxalate, as already mentioned. 


HCOO.Na 

+ 

HCOONa 

Sod. formate 


COONa 

H, + 1 

COONa 
Sod. oxalate 


Uses. 1. Formic acid is used for the preparation of mordants- 
required in dyeing industry. 

2. It is used in leather industry for the dehairing of hides. 

3. Formic acid is also used in electroplating ; tlie presence of formic 
acid in the electrolytic bath gives a proper deposit of the metals. 

4. Because of its antiseptic properties, formic acid is used in the 
preservation of fruit juices, etc., and also in the brewing industry. 

5. It is also used in medicine as a remedy for gout and neuritis. 


Tests. Formic acid cao be detected by the following tests : 

1. It has a characteristic pungent odour. 

2. On warming with ethyl alcohol, a fruity smell of ethyl formate is obtained. 

3. On warming with sodium bisulphite and adding sodium nitroprusside, a 
greenish blue colour is obtained. 

4. It reduces Febiing solution to red cuprous oxide and reduces ammoniacat 
silver nitrate to metallic silver. 

5. On warming with mercuric chloride, a white precipitate of mercurous chloride 
is obtained which turns black on further heating due to the formation of mercury. 
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Tests No. 3 , 4 and 5 are not given by acetic acid or any other fatty acid. 

Structure. 1. The qualitative and quantitative analyses show that the molecular 
formula of formic acid is CHoO^. 

2 Keeping in view the teiravalency of carbon, bivalency of oxygon and 
univaiency of hydrogen, two structures can be assigned to formic acid. viz.. 



M O 



/. 

\ 

O 

( 11 ) 


3 On treatment with sodium metal, hydrogen is evolved. Also with phosphorus 
pcntachloride hydrogen chloride gas is given out. Both these reactions indicate the 
presence of a hydroxyl group in formic acid. 

This rules out structure ( 11 ) and supports structured) 

4. Structure (I) also contains the aldehyde group and thus ac-ounis for the 
reducing properties of formic acid. 

5. The structure of formic acid is confirmed by its synthesis from hydrogen 
cyanide. 


H-C=N 


Hydrolysis, BHcO 
-NHa 


OH 

/ 

H-C— OH 

\ 

OH 

Unstable 


-HoO 


OH 

HC< 

o 

Formic acid 


acetic acid. ETHANOIC ACID. CH 3 COOH 

It is the earliest known fatty acid. It is the chief constituent of 
vinegar and hence its name (Latin, aceium means vinegar). Ddute acetic 
Idd in the form of vinegar was, in fact, the only acid known to 

^"‘'industrial Preparation. Acetic acid is prepared on an industrial scale 

m Fro^a"celXne° The most economical method for the production 
of pure acetic acid or glacial acetic acid is from acetylene. 

Acetviene obtained from calcium carbide is passed into an aqueous 
solution of sulphuric acid containing mercuric sulphate when acetal- 

dehyde is formed. 

HgS 04 

CH = CH + HjO — ► CH3 CHO 

Acetylene HjSO^ Acetaldehyde 

The vapour of acetaldehyde are mixed with air and the mixture passed 
over manganese acetate (catalyst) at bO-70% when acetaldehyde ,s 

oxidised to acetic acid. 


Mn acetate 

CH3.CHO -I iOa *■ CH3.COOH 

Acetaldehyde 60-70“ Acetic acid 

(Yi From ethyl alcohol. Large amounts of acetic acid arc prepared 
davs bv the catalytic oxidation of ethyl alcohol. Ethyl alcohol 
vapour are mixed with air and passed over a heated metal catalyst when 
ethyl alcohol gets oxidised to acetic acid. 
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(3) Fermeotatioa process. The oldest method for the preparation ot 
acetic acid involves the fermentation of ethyl alcohol in dilute solution, 
in contact with air, under the influence of the bacteria inycoderma aceti 
when ethyl alcohol gets oxidised to acetic acid. 

CH3CH.OH ^ CH3.COOH +H2O 

Ethyl alcohol Air Acetic acid 

These days, the fermentation is carried out by the Quick Vinegar 
process, described below ; 

A larec number of wooden vats, filled with wooden shavings or twigs, are 
arnniied in series. One such vat is shown in Fig. 2. It has a perlorated false 
bmiorn and a perforated top. It is also provided with air inlets near the base as 

shown. 



Fig. 2. Manufacture of Vinegar. 

The wood shavings are impregnated with strong vinegar which supplies the 
acetous feroii'nt. Dilute alcohol solution is then allowed to trickle <^wn from th 
top. Air is drawn in through the air inleU and moves upwards. The a conoi is 
oxidised 10 acetic acid. The heat generated in the oxidation process maintains tne 
icmneraiure at about 35® which is the optimum temperature for the proper aevelop- 
nieni and aciivitv of the bacteria. The supply of air is carefully controlled, it in 
air adnmied is too much, the alcohol may be oxidised to carbon dioxide and water 

and if ii is too less the alcohol may be oxidised only to acetaldehyde. 

The liquor obtained from first vat is introduced at the top of the second vat ana 
so on. This recirculation process results in the production of about 10 per cent acetic 
acid 'oliiiion. 

The vif.egar obtained above is then subjected to careful fractionation to obtain 
pure accuo acid. It i« only recently that vinegar has been used for the productions 
.t.ciic acid on a commercial scale. This has been possible entirely due to the deveiop- 
mciii of highly efficient methods of fractionation. 

fJ) From wood distillation. Another method for the production of 
acetic acid is from wood distillation (see page 354). 

Properties. Acetic acid is a colourless corrosive liquid (b.p. 118®) 
with a pungent smell, miscible with water, alcohol and ether in all 
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proportions. When sufikiently cooled it forms ice-like cr>slals {m.p. 
t6’6®) and hence the name glacial acetic acid. It is a good soUciU lor 
sulphur, iodine and many organic substances. 

Chemically, it gives all the reactions of fatty acids (see general 
properties ot tatty acids). 

Uses. Acetic acid is commonly used as a solvent and tor the manu- 
facture o) actiaies, acetone, esters, etc. Cellulose acetate, required lor 
making photographic lilms and rayon, is obtained by dissolving cellu- 
lose in glacial acetic acid. Its esters, eih>l acetate and am>l acetate, 
aic used as excellent industrial solvents. 

2 In the form of vinegar, acetic acid is commonly used as a condi- 
ment’ for preparing pickles. It IS also employed for curing meat and 

lish. 

3 In the laboratory, it is used as a reagent and also as a sohent 
for many reiiclions because it is not attacked by oxidising and reducing 

agents. 

4. It is also used in medicine. 

Tests. Acetic acid can be identified by the following te.ts : 

1 It has a characteristic pungent smell. 

1. When heated with alcohol in the presence of sulphuric acid, a fruity smell of 

ethyl acetate IS ^ „ amount of the acid is neutralised with ammonii 

H and k-rric chloride solu.ion is added. A blood red colour .s 

hormic acid also gives this test. . , 

4, Caco,y, resr. A -,ai- ;-oun.^oP '^He'ridu'lf ir’hL.l^d"' wtiTa 

Sramoum'of k^nloCs"oxlde." An extremely nauseating smell of cacodyl oxide ts 

obtained. , -j 

This test is not given by formic acid. u u .k i i 

Structure. (1) The qualitative and quantitative analyses show that the molecular 

formula of acetic acid is 

lormuia ^„^,,,^.„ment of boiling acetic acid with chlorine yields trichloroace- 

‘•^1 A^n n^ sholTnc thereby, fhai of the four h atoms in the acetic 

acid mokeWs ihJee have b«n replaced by ehlotine. This suggests the presence ol a 

methyl group in acetic acid. ... , , , 

m On treatment with phosphorus pentachloride. acetic acid gives acetyl chlo- 
ride.'and hjdrogerchioride^s evolved. This ind, cates the presence of a hydroxyl 

croup. 

Thus acetic acid contains a methyl group and a hydroxyl group. 

IceeoinR in view the valency requirements of carbon, oxygen and hydrogen, 

only one structural formula is possible for acetic acid, mz.. 

O 

CH3-C-OH 

( 5) Oxidation of acetaldehyde to acetic acid supports^he above structure : 

^ O 

CHa-C-H — ► 

Acetaldehyde 


ah-c OM 
Acetic acid 
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Distinctioo between Formic acid and Acetic acid 

(For equations of reactions refer to previous pages). 

(1) Oxidation. Formic acid is readily oxidised to COo and H^O. 
Acetic acid is not oxidised. 

(2) Reducing properties. Formic acid reduces Fehiing solution, 
ammoniacal solution of AgNOg, potassium permanganate, mercuric 
chloride, etc. 


Acetic acid does not behave as a reducing agent. 

(3) Decomposition reactions. Formic acid gives a variety of decom- 
position reactions. For example, when heated alone at 160° under 
pressure it decomposes into CO* and Hj ; when heated with H8S04 it 
gives CO. Its sodium salt decomposes, on heating, to give Ho and 
sodium oxalate. 

Acetic acid does not give such type of decomposition reactions. 

(4) Heating calcium salt. Calcium formate on heating gives for- 
maldehyde, whereas calcium acetate gives acetone. 

(5) Heating sodium salt with soda lime. Sodium formate on heating 
with sodalime gives hydrogen, whereas sodium acetate gives methane. 

(6) Formation of anhydride. Acetic acid, on heating with P2O5, 
readily gives acetic anhydride. Formic acid does not give formic anhy- 
dride. It loses water to give carbon monoxide. 

(7) Special tests (ij Formic acid, on warming with NaHSOj and 

adding sodium nitroprusside gives a green blue colour. 

Acetic acid does not give this test. 

(Hi) Acetic acid, when neutralised with KOH, evaporated to dry- 
ness and then heated wiih arsenious o.xide, gives an extremely nauseat- 
ing smell of cacodyl oxide (cacodyl test). 

Formic acid does not give this test. 


Propipnic acid, CjHj.COGH 

Preparation. Propionic acid is prepared on a large scale : 

( 1 ) By ilte oxidation of n-propyl alcohol. 

3(0) 

CH3.CH2CH5OH — CHi CH..r*OOH _i- ti 

«-Propyl alcohol NaaCr^OT/H.SO^ PropTo^Jic ^dd 

07 ) By heating carbon monoxide and ethvl alcohol ar ns tano j 

In the presence of a catalyst (boron trifluorideh 1-5-180 under pressure, 

125-180* 


C2M5OH + CO 
Ethyl alcohol 


500 atm. 
Catalyst 


CaHj COOH 
Propionic acid 
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Prooerties Propionic acid is a colourless liquid, boihr.g al MT. Ji is misci- 
ble with^water] ethyl alcohol and ether in all proportions. Chemically, ii resembles 

acetic acid. 

Butyric acid, CH 3 .CH 2 -CH 2 -COOH 

It occurs in butter as glyceryl ester. The foul smell of rancid butter is duo to 
the liberation of free butyric acid as a result of the decomposition of the gl>ceryl 
«fer by hy^ofysls or oxidation. Butyric acid ts also present in perspiration. 

Butvric acid is a viscous, unpleasant smelling liquid, boiling at 162'^. It is miscible 
with wS%thyl alcohol and ether. It gives the usual reactions of laity acds. 

Higher Fatty Acids. 

or .he higher fa..y ecMs t i 

?=gcubirons" n?larsfor”hkh?^^^^^ ?a„ be ob.a.ned by hydrolysis wi.h s.eam under 
pressure* . 

Palmitic fn" wale?' buVaK‘‘’i-cadHy‘^ sXn ‘‘llcohol and 

S"‘'V?e acid'l^^e^'ei'n ca.;i':indus,ry. The.r sod.un, sal.s are soaos. 

DICARBOXYLIC ACIDS 

Dicarboxvlic acids, as the name suggests, are compounds containing 

two^arbox>4(COOH) groups in ihetr molecule. They are genera . 

known by their common names. For example. 


COOH 


XOOH 

CH2< 

^COOH 


CH 2 COOH 


CHjCOOH 

Succinic acid 


COOH . 

Oxalic acid M^lontc acid 

The I.U.C. names arc obtained by using the suffix, J.mV as for 

example, 

HOOC.COOII Is cihanedioic acid, 

HOOC.CILCOOH is propanedijic acid, 
and HOOC (CHJ,, COOH is butanedioie acid. 

The important members of.be senc. are oxal.c ac.d, malonic acid 
and succinic acid. 

OXALIC ACID. HOOC COOH 

i. -id... 

'“,",,”.1 S“.‘S”piS.. «''"r “ 

also derived from the word oxa/is. 

T> tn Bv the oxidation of ethylene glycol with nitric acid. 

Preparation. (D By in 

CH,OH 

HNO3 


CH 2 OH 
Ethylene glycol 


CHO 

Glyoxal 


COOH 

Oxalic acid 
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(2) By the hyil'rolysis of cyanogen in the presence of concentrated 
hydrochloric acid. 

C=N 2HC1 COOH 

1 + 4HoO — I + 2NH,C1 

C=N COOK 

Cyanogen Oxalic acid 

(3) By the oxidation of acetylene with hot acidic or alkaline permanga- 
nate. 

CH 4(0) COOH 


KMn04 


I 


COOH 

Oxalic acid 


CH 

Acetylene 

(4) By heating sodium in a current of carbon dioxide at 360° 

360° COONa 
2 CO 3 + 2Na — ^ 1 

COONa 

Sodl^ oxalate 

The free acid is obtained from the sodium salt as described in 
the commercial method below. 

(5) Commercial Method. By heating sodium formate rapidly at 360®. 

HCOONa 360“ COONa 

Ha -i- 1 

HCOONa COONa 

Sodium formate Sodium oxalate 

Sodium formate is obtained by passing carbon monoxide in sodium hydroxide 
under pressure (see page 424). 

NaOH + CO — > HCOONa 

The sodium oxalate obtained above is dissolved in water and treated 
with lime when a precipitate of calcium oxalate is obtained. This preci- 
pitate is separated by filtration and treated with a cjlculated amount of 
sulphuric acid. The precipitated calcium sulphate is removed by 
filtration and the solution of oxalic acid left is evaporated to get the 
crystals of the acid. 


COONa 


Cu(CH)2 


COO 


H,S 04 COOH 


\Ga 

COONa — 2NaOH COO^ -CaSO, COOH 

Sod. ox;il.uc Calcium oxalate (ppO O.xalic acid 

Previously, oxalic acid was manufactured from saw dust bv heating the latter with 
sodium and potassium hydroxides in iron pans at 200—220 in air. The alkali oxal- 
ate l^^t tonued was e.xiracted with water and treated as above for the liberation of 
the tixL acid. This method is now almost obsolete. 

((>) l.ahoratory preparation. Oxalic acid is conveniently prepared in 
the lahoralory by the oxidation of cane suger with concentrated nitric 

ilCRi. 


C,,H,,>On 18 (O) 

Cane-sucar 


HNO3 


COOH 
6 I 

COOH 

Oxalic acid 


5H^O 
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150 ml. of ccncen.raled ni.nc acid is “l.r“blTh;’;..'-r‘’'''mo 

?r mtJu^dSe^^Ml" -clln s,ar. -UMhe ^lu-n of ^.ou, Iuok- o, 
nhroAn peroxide. Healing is then ^>°PP'd and ^reauion^al ^ . 

?e“fed\ofdnna lo e=. crystals of oxalic ac,U(QH,0..:H.O,. 

The acid may be further purified by recrystallisation. 

cule?of-ler^Tcr;“ali°aY,on;7^^^ 

but only sparingly soluble in ether. It is poisonou . 

The crystalline acid melts at IO|-5» and the anhydrous acid at 

j g9 

rea«ion at a time. The important react, ons are . 

(I) Oxalic acid reacts with alkalies forming two senes of salts. 

fsj nw COONa NaOH COONa 

COOH CUUixa ^ j 

COONa 
Sodium oxalate 


COOH 

OxcTlic acid 


tOOH 

Acid sodium 
oxalate 


, 0 , U reacts with alcohols in the presence of sulphuric acd giving 

cToH ' "'c^H COOC.H. C._^OH COOC.H. 

oS?”id MoS-xalic ^8-’ S^S^a-nte 

■ ( 3 ) I, decomposes carbonates and bicarhonates giving carbon dioxide. 

COOH ^ _ “ON. ^ ^ 

rOOH “ “ COONa 

Cuun Sodium oxalate 

Oxalic acid giving ammonium oxalate which on 

M) It reacts with ammonia civi y 

heating loses water giving oxatmde^ _ 

COOH COONH. 

COOH COONH, 

COOH Amm.oxuUte 

?;; itTeacts with phosphorus pentuchlonde e.v.n, oxulx! 

?°'V:pcu loci ^ 

COOH Oxalyl chloride 

Oxalic acid 


:iLO 


rONH, 

Oxamido 
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(6) Oxalic acid, when heated at 100 — 105°, loses water of crystallisa* 
tion, giving the anb>drous acid. 

On hcatitig at about 200°, it decomposes into carbon dioxide, formic 
acid, carbon monoxide and water. 


COOH 

Heat 


I 

— *. 

H.COOH 4- CO3 

COOH 

Oxalic acid 

200° 

Formic acid 


Heat 


H.COOH 

Formic acid 

200° 

CO -F H^O 

(7) Oxalic acid is easily decomposed into carbon monoxide, carbon 


dioxide and water on beating with concentrated sulphuric acid at 00°. 

HgSOi 
90° 


COOH 

I 

COOH 


CO + CO* -f- HaO 


(8) Oxalic acid is readily oxidised to carbon dioxide by hot acidic 
permanganate. 

COOH KMnOi 

I -f O — ► 2CO, -f HaO 

COOH 60° 

(9) When fused with potassium hydroxide oxalic acid gives hydrogen. 



COOH 

COOK 

(0 

1 -f2KOH — 

1 +2H«0 


COOH 

COOK 


COOK 


(ii) 

1 -L2KOH — 

-*■ 2 K 2 C 03 -f- Hi 


COOK 



(10) When heated with glycerol at 120°, oxalic acid gives formic acid 
and on heating at 260°, allyl alcohol is formed (sec reactions of 
gl>ceroI). 

(11) When reduced with zinc and sulphuric acid, oxalic acid forms 
glycollic (7( id. 

COOH Zn/H,S04 CH.OH 

I -h 4H — I " + H>.0 

COOH COOH 

Glycollic acid 

Uses. Oxalic acid is used : 

(i) For the manufacture of Ink fii) For bleaching straw fiii) 
For making metal polishes (iv) For the preparation of formic acid 
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and allvl alcohol (v) antimony salts are used as mordants in 
dyeing a,' d prmting nU As a reagent in volumetric analys,-. 

Tests Oxalic acid may be aci'd 'u'c^iJercb ■ and CO. tlie Utter 

( 1 ) On healing with concentrated sulphuric acid, it gi^cs cw. 

burns wilh a bluish flame. ^^srtr.'inranate on warraine. with the 

(2) It decolorises acidified potassium permanganate, on 

^^^Or"^::^:“itrate or calcium chloride to neutral solution ot oxalic 
WithTm^sVlpM^ a yellow precipitate of ferrous oxalate is obtained. 

M ALOMC acid, CH.,(C00H)2 

Ntaionic acid occurs in sugar beers in the form of its calcium 

aqucou?"ofas°sium"ly" 

hydrochloric acid. . _ w.HroIvsis XOOH 

H..C( 

■ \COOM 

Potassium 
cyanoacetale 




Cl 


*^*‘*“\COOK 
Potassium chloro 
acetate 


KCN /CN 

“=^\C00K 


Hydrolysis 

HCl 


P.„per.ies.““Ma,om^ac.U^— '* 

" ""in^.o^ 4 ''o-. 50 ^ 1 . readily loses a molecule of carbon dios.de giving 
acetic acid. 

^COOM CII.COOH + CO, 

"'‘^\C00H 140-150’ Acetic acid 

-Auier to form carbon suboxidc. 

H OH 

^ 'r 0=C=C^C=0 

I ^ Carbon suboxidc 

OH H 

more impcrlan. llian 

the acid itself 

SUCCINIC ACID, (Cll-,.COOn)., ^ distillation of .amber 

Succinic acid = am^ H 

,t also occurs in unnpe fruits 

Preparation. Succinic acid may 
methods : 
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(1) From elhylene, through the reactions shown below : 

^^■2 CH.Br 2KCN CH,CN Hydrolysis CHaCOOH 


CH.. 

il 

CH. 

Ethylene 


CH.Br 

Ethylene 

dibromide 


I 


CHaCOOH 

Succinic acid 


CH.CN HCl 

Ethylene 
cyanide 

( 2 ) From tartaric acid, by reduction with hydriodic acid. 

CH(OH)COOH 4HI CH..COOH 

^ 1 + 2H.0 + 2 I 2 

CH(OH)COOH Reduction CH. COOH ^ ^ * 

Tartaric acid Succinic acid 

(3) From maleic acid, by reduction with hydrogen in the presence 
of nickel as a catalyst. 

CH.COOH Ni CH 2 .COOH 

II + Hj — ► i 

CH.COOH CHj.COOH 

Maleic acid Succinic acid 

Properties. Succinic acid is a crystalline solid, melting at 185 ®. It 

ether soluble in water and ethyl alcohol but sparingly soluble ii> 

reactions characteristic of dicarboxylic 
sublimes. The remaining portion is 

con\eried into the anhydride. 

CH.COOH Meat 


CH.COOH 

Succinic acid 


CH.COv 

I >0 + H.O 
CH.CO'^ 

Succinic anhydride 

If potassium succinate is electrolysed, ethane is produced (see 
preparation of ethane). 

Succinic acid is used in the preparation of perfumes. It is also used 
in dyeing and medicine and in volumetric analysis. 

SUMMARIES OF TYPICAL MEMBERS 
PKt PAR \TION AND PROPERTIES OF ACETIC ACID 


Preparation. 


h-flivi a!c*ilK»l 

Oxidation 

C II .( II .Oil 
- 

K.Cr.O- H^SO, 


Acetaldchvdo 

j Oxidation , 


<11;, (IK) 

1 Na.Cr.O 7 H. SO, ^ 

Acetic acid 



CH 3 COOH 

Mi‘tli\| cN.anide 

Hydrolysis 



(HClorH.SOi) ** 
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Ethyl acetate 
CH 3 COOC.H 5 


Trichloro ethane 
CH3.CCI3 


Grignard reagent 
CHaMgBr 


Methyl alcohol 
CH 3 OH 


Sod methylate 
CHsONa 



Hydrolysis 
(mineral acid) 

Hydrol) 'SIS 
(alkali) 

React with CO-j 
followed by hydrolysis 

CO, 500 atm. 
125®- 180^ BF 3 (catalyst) 

CO under pressure 
followed by hydrolysis 

Catalytic oxidation 


Acetic acid 

CH3.COOH 


Malonic acid 
CH,(C00H)2 


Heat to melting 


Properties 


NaOH 


Ethane 

CjHc 

' Eli'Ciriilvsis 

Sod.acctate 
CH 3 COONa 

Dt III wiiti . A linit 


Mctiuine. CH j 


Acetic acid 

CH3COOH 


CoHijOH 


(H.SOi) 


Ethyl acetate 
Cll.COOC;;!!-. 


H COOH 
MnO. 300® 


Acetaldehyde 

CH3CHO 


Ammonia 


Amni nectale 
CHaCOONII, 


McfhvI cyanide 
CHjCN 


Acetamide 

Clla COM). 
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SUMMARIES 


PCI5 or SOCU 


Acetyl chloride 

CH3.COCI 



PREPARATION AND PROPERTIES OF OXALIC ACID 

Preparation. 


C one suRor 

CijHooOjj 


Glycol 

CHoOH.CTI OH 


Acetviene 

IIC=CH 


SoiHuni fnrmntc 
H COONa 


Saw dust 



Oxidation with cone. HNO 3 


Oxidation, with HNO3 


Oxidation, KMn 04 



Hydrolysis 
(mineral acid) 


Heat and hydrolyse 
with mineral acid 

Heal at 300^ and hjdrolyse 

* * * • ♦ ♦ ♦ 

(Recent synthetic method) 
Fuse with NaOH and 


then as from sod. formate 
(method now obsolete) 


Oxalic acid 
(COOH)a 
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Properties. 


Oxalic acid 

(COOH), 


NaOH 


CjHiOH 


NH 


PCIs or SOCI 2 


Heal (:00«) 


Hcati H2SO4 
90 ’ 


Zn/HaSOi 
Fuse with KOH 


Sod. oxalate 
(COONaj;; 


Etliyl oxalate 
(COOCMs), 


Amm. oxalate 
{C00NH4)2 


' Hej t 


Oxamide 

(CONHo). 


S’H 


i. 


Oxalyl chroridc 
(COCl)2 


CO + CO2 + H.o 



Heat with glycerol ^ 

Formic acid 
H.COOH 

at 120’ 


Heat with glycerol ^ 

Ally! alcohol 
CH2 =CH.CHuOH 

at 260 ^ 


i 

Reduction ^ 

Cilycollic acid 
CHoOH.COOH 



questions 

, What are fatty acid. 7 Why a re they so called 7 

2 . Give the general methods of preparation and properties of mono.carboaylic 


acids. 


3. How is anhydrous. fornric acM pr^ared in ^J^boratory 7 Show that it 


behales boTh as an iri and ^n aldehyde. Describe ,ts uses. 
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QUESTIONS 


4. How is formic acid prepared industrially ? Describe its important properties 
and uses. Wliat tests would you apply to identify formic acid 7 

5. How is acetic acid prepared on a commercial scale ? Describe its important 

uses 

6. Compare and contrast the properties of acetic acid and formic acid. How 
do you account for the difference in their chemical behaviour ? 

7. How is formic acid prepared in the laboratory ? How can it be converted 
into fO Oxalic acid U/J Methyl alcohol (///) Formaldehyde (/V) Acetaldehyde? 

8. How is acetic acid prepared 7 Explain how it can be converted into (0 
Methane (//) Ethane (///) Acetone (/r) Acetaldehyde (v) Acetyl Chloride 
(v/) Acetamide ? 

9. Describe any three methods of preparation, four chemical properties and 

isvo uses of oxalic acid. {Panjub Inter 1959) 

10. Devise a scheme for each of the following conversions : 

(/) Oxalic acid into formic acid. (iV) Formic acid into oxalic acid. 

(Panjab Inter 1954) 

11. Oi tiine a scheme for preparing propionic acid starting from methyl alcohol. 

{Panjab Inter 1957) 

12. Why are "fatly acids” so called ? Give the names and structural formula 

of at least three of them which are not consecutive homologucs. How does the first 
member of the series differ from the rest? (Panjab Inter 1952) 

13. What is glacial acetic acid ? How can you distinguish it from, formic acid ? 

{Panjab Inter 1950) 

14. Convert formic acid into acetic acid and vice versa. How will you distinguish 

•chemically acetic acid from formic acid? {J^anjab Inter 19^ 

15. How is succinic acid obtained synthetically and on a large scale ? How can 

it be obtained from maleic and tartaric acids ? What is the action of heat on succinic 
acid and ammonium succinate ? {Panjab Inter 1948) 

16. Starling from acetic acid how will you synthesise the following 

(0) Methane (6) acetaldehyde (c) acetic anhydride (d) methylamine 

(e) acetone. {Panjab T.D.C. Part 1 1963) 

17. Describe the method of preparation of oxalic acid from cane-sugar. Give 
synilieiic methods of its preparation as well. What is the action of oxalic acid upon 
the following ; — 

(1) Heat (2) NHs (3) Heat with conc. H-^SO. at 90® (4) PCI. (5) Acidified 

KMnOj (6) Acidified KjCrjO?. {Panjab T.D C. Part / 1963) 



CHAPTER XXXVI 


DERIVATIVES OF MONOCARBOXYLIC ACIDS 


(ii) 

(Hi) 

(iv) 

(^) 


A number of important compounds are obtained by the repiaceme:;t 
of— H or OH of the carboxyl group by other atoms or groups. 

They are : 

(i) Acid clitoriiles, R.COCl 

Acid anhydrides. R CO.O.CO.R 

Acid amides, R.CONH2 

Esters, RCOOR' 

Acid nitriles, R.CN 

ACID CHLORIDES 

The most important acid chloride is acetyl chloride. 

Ar ETYL CHLORIDE, CH3.COCI .11 

Acetyl chloride is prepared by the action of phosphorus pentaclilo- 

ride or tncliloride on acetic acid, 

CH COOH + FCU — CH, COCl -t- POCI, + HCi (.g.) 

CH3CUUM -t- 5 Acciyl chloride 

3CH COOH - PCI3 — 3CH3-COCI - H3PO3 

Acctkadd Acei> I chloride 

ThionyTchirride. SOCI„ may also be used in place of phosphorus 

COOH + SOCI, CH.COC1 -i- SO, f HCI (..g.) 

^ Arpivl chloride is prepared in the laboratory 

by 

■iru rnnH + PCU — ► 3CH:,COCl H3PO3 

3CH3 COOH + J Acetyl chloride 

Glacial acetic aci ^ glacial acetic acid is placed 

The apparatus ucsd IS shown ^ funnel and a water condenser, 

in a 250 ml. distil'aiion flask fitted which carries a guard tube 

he%^ of phosphorus trichloride, rhe dis.illauon .lash 
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ACETYL CHLORIDE 


is kept cooled by immersing in cold water contained in the water bath. When the 
addition of phosphorus trichloride is complete, the temperature of the bath is raised 
to about 50° and maintained at this level till the evolution of hydrogen chloride 
slackens. The temperature is now raised to boilirg and heating continued till no 
more acetyl chloride distils over. The receiver is kept in ice-cold water all the time. 
The acetyl chloride obtained above is further purihed by redistillaiion, taking alt 
precautions to exclude external moisture. The fraction distilling l^tween 50— 53° 
is pure acetyl chloride. 



Fig. 1. Laboratory preparation of acetyl chloride. 

Physical Properties. Acetyl chloride is a colourless, fuming liquid 
with a pungent odour. It boils at 52’. It is freely soluble in ether and 
chloroform. 

Chemical Properties. The chlorine atom in acetyl chloride is 
exlieinely reactive. It can be easily replaced by other groups and atoms- 
and hence a large number of compounds can be synthesised. The- 
following are a lew important e.xamples. 

1. Acci>l chloride is hydrolysed by water giving acetic acid. 

CH.COCl H I OH — ► CH3.COOH HCt 

Acetic acid 

2. It reacts with alcohol forming ethyl acetate. 

CHaCO Cl -- H eC.H^ — CHaCOOCaHs HCI 

Ethyl acetate 

Acetyl chloride reacts with ammonia to form acetamide. 

CH3.CO Cl ^ H NH, — .. CH3.CONH0 4 - HCI 

Acetamide 
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4 It reacts wi.h ethylaroine and diethylamine to form ethyl aceta- 
mide and diethyl acetam.de respectively. 

^ H HNQHs — ^ CH.CO.NHCoH, • HCl 

Ethylamine 


CHaCO Cl 


rw ro n -- H NCCoHa)^ 


Diethylamine 


Ethyl acetamide 

CH,CO N(C,H,), HCl 

Dietb> 1 aceiamioe 


, 5, u tead.ly attacks the sod.un, salts of fatty acids giving 

the anhydride. 

CH3.CO Cl + Na 


NaCl 


(CHa.CO)oO 
Acetic anhydride 

6 When reduced by hydrogen ... the presence of palladium 
(catalyst) it gives aldehyde or alcohol. ^ 

ru CHO — ^ CH.CHoOH 

CHjCOCi ^mldehyde Pd Ethj I alcohol 

7. When treated sv.th Grignard reagents^._t_ 

CH3.CO Cl -r Br.Mg, ^2^5 


CH3.CO.CoH5 + MgBrCl 
Methyl ethyl ketone 


X It reacts with benzene ... the presence of anhydrous aluminium 
chlor'ide .0“ rm acetophenone (an aromatic ketone). 

C,H 3 .C 0 .CH 3 + HCl 

CoHfl -r CI.CO. j Acetophenone 

■ . « :n^r,ort^nt acefvlatiiis aaent and is used 

Uses. Acetyl chlonde .^s ^ laboratory' lor introducing the 

in large amounts -containing ‘active hydrogen'. 

if ro'le'drihe detection and estimation of hydro.xy, group in 
an organic compound. 

acid anhydrides 

w K« r^^oirded as derived from acids by the 

iSSVA'SS 1.™ ■™ 

r\ \J 

O ,, — HoO II I' 

1! jl_n R_C-0-C-R 

R — C— OH -- HO Acid anhydride 

The aiiMriJes are named after the parent acid from which they are 

derived. For instance. Anhydride 

Acid , A ■ 

■ A rCH-sCOIoO, Acettc anhydrtae 

CHs-COOH, Acetic aci COlaO Propionic anhydride 

C2H5.COOH. Propionic acid (C3H5OUJ3U, rr p 



ACETIC ANHYDRIDE 


Mi 

The most important acid anhydride is the acetic anhydride which is 
described below. 

ACETIC ANHYDRIDE, (CHaXOlaO 

Preparation. Acetic anhydride may be prepared by the following 
methods : 

(1) By distilling a mixture of anhydrous sodium acetate and acetyl 
chloride. 

CH 3 COO Na + Cl OC.CH3 — ^ (CHaCOsO h NaCI 

(v.y.) 

Sodium aceute Acetyl chloride Acetic anhydride 

(2) By heating anhydrous sodium acetate with controlled smonni of 
phosphorus trichloride, ihionyl chloride or sulphuryl chloride. Half of 
the sodium acetate is convened into acetyl chloride which then reacts 
with the remaining half oi the sodium acetate to form acetic 
anhydride. 

3CHaCOONa -f PCIs — SCHjCOCl -1- NagPOs 
CHgCOONa -1- CH 3 COCI — ► (CHaCOaO + NaO 

(3) By passing chlorine into a mixture of sodium acetate and sulphur 
dichloridc and then distilling 

SCHgCOONa 4- SCI, 201* — ► 4 (CH 3 CO)gO + 6 NaCi + NagSO, 

(4) By passing acetylene into glacial acetic acid in the presence of a 
•mercury >alt (catalyst) and disrilhng the ethylidene diacctate formed to- 
givc acetic anhydride (industrial method). 

Hg^ 

CH=CH + 2CH3COOH — ► CH3,CH(OOCCHa), 

Catalyst 

Distild 

— ► (CH3 CO)sO+CH3 .CHO 

Laboratory Preparation. Acetic anhydride is prepared in the 
laboratory by heating anhydrous sodium acetate with acetyl chloride. 

The apparalus u-^cd is shown in Fig. 2. 50 gm. of anhydrous, powdered, 
«odiiirn atciuic placed in a 250 ml. distillation flask filled with a dropping funnel 
and a water i.nn “cnscr. The latter is connected to a receiver having a side tube 
which carries a giiafd lube containing fused calcium chlor>de in order to exclude the 
externa! nini^turc. .'0 gm of acctvl chloride is then trtinsferred to the flask cradually 
throu'-'h t!,t dropping funnel k.-cping the flask well cooled. When the addition is 
complete, ihe distillaiion flask is hea’ed on a direct flame. Healing is continued 
till no more of acetic anhydride distils over. 

The distillate is then mixed with a little anhydrous sodium acetate and redistilled 
using :m air condenser. Pure acetic anhydride is obtained between 135—140®. 

Phv.sical Properties, Acetic anhydride is a colourless, neutrri liquid 
witli an in itating smell, boiling at 139 5®. !t is slightly soluble in 
water but freely soluble in ether and benzene. 
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,.,g. 2 . Uiboralury l■,cp.ira^lO., of A«l.c anhyJnUc 


• A inhvdridc rei>cnibl»2s ucctyl chloride in 

Chemical Properl.cs. Acetic anh^ milai lo those o( 

.,S Chemical behav.oar and muieao 

acetyl chlor. c u hydrolyved by watei to give the 

( 1 ) Acetic anhydride is easily y 

parent acid. 


CHa.CO O.CO CH 


K OH 


2CH3.COOH 


(2) It reacts with alcohoU to form esters. 

H OC.Hfi i^CH.COOC.Hs 1 CHaCOOH 

CH.I.CO. O.CO CH, + - Qihyt acctaic 


(3) It reacts with ammonia 


a to form amides. 


CH3-CO. O.CO.CH3 t NH-2 Acetamide 

(4, I. reacts w.th hydrogen chloride and phosphorus pentachlonde 


CHACON H.. 4 C'HaCOOH 
Acetamide 


form acciyl chloride 
CHa.CO. O.CO.CH3 


HCl 


CHaCOCI -f CHgCOUH 

Acciyl chloride 
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ACETAMIDE 


CHa.CO.O.CO.CHg + PCI5 

It is used as an acetyiating agent. 

ACID AMIDES 


2CH3COCI + poa^ 

Acetyl chloride 


Acid amides may be regarded as derived from acids by the replace* 
ment of the hydroxyl group with the amino( — NHj) group. Alternatively^ 
amides may also be regarded as derived from ammonia by replace- 
ment of H-atom by the acyl group. 

OH Replace OH ✓NHj Replace H 


R-C 




O 


by NH2 


.NH 

■*-<0 


NH, 


by R.CO 


They are named after the parent acid from which they may be 
regarded as derived. For instance, 


Acid 

H.COOH, Formic acid 
CH3.COOH, Acetic acid 
C3H5.COOH, Propionic acid 


Amide 

H.CONHa, Formamide 
CH3.CONH8 Acetamide 
CgHs.CONHa Propionamide 


The most important member of the series is acetamide. 

ACETAMIDE, CH3.CO.NH2 

The following methods are available for the preparation of 
acetamide : 

(1) By heating ammonium acetate. 

Hcai 

CH3COONH, CH3CONH2 + H2O (g.—v.g.} 

Ammonium acetate Acetamide 

(2) By heating acetic acid with urea. 

2CH3.CONH2 4 - H2O + CO2 
Acetamide 

(3) By the action of concentrated ammoDia solution on acetyl chloride, 
acetic anhydride or ethyl acetate. 

CH,.COC! 2NH3 — ► CH3.CONH3 -f {v.g,} 

Acetyl chloride 


2CH3.COOH S- CO(NH,)., 

Acetic acid Urea 


(CH,C0).,0 + 2 NH 3 

.Acciic unhvdride 

+ NH3 

Ethyl acetate 


Acetamide 
CH3.CONH2 - 1 - CHjCOONH, 

Acetamide (v.g.) 

CH3CONH2 + CgH^OH (g.) 
Acetamide 


(4) By the partial hydrolysis of methyl cyanide. 

Shake with 

CH3-C = N + HoO — CHaCONHa 

Methyl cyanide cold cone. HCI Acetamide 
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(5) Bv the actioD of alkaline hydrogen peroxide on methyl cyanide, 

NaOH , ^ 

CH,-C = N + 2 H..O,, — * CH3CONH. + O. + H ,0 

MeVi cyanide ' Ace..,m,de 

Laboramry Preparation. Ace.an.idc is papared .n , he laboratory by heanog 
ammonium acttaic in the presence ot acetic acid. 

rH COONHj — ^ CI!:,CONH-,; + H ,;0 

ASSum acetate (CH3COOH) Acetamide 

Since ammonium -- ‘n 

l'c^.raad“as'me“aue[Tutprelse^ ."he dts^ociat.on of amn.on.un. acetate. 

CHgCOONHi 5 =^ CH3COOH + NH3 

collected which is practically pure acetamide. 

It may be further purified by recrystallising from acetone solution. 

colj:!rr^r‘^.p. -sofShlet w^^^r'nn^ 

( 2 ) Basic nature. Acetamide behaves as a weak boisc and forms 

salts with strong acids. For e.sample, 

r^u roMH -! HCl *■ CH3.CONH0.HCI 

CH3.CONH3 I Acetamide hydrochloride 

Acetamide • u » 

The salt, however, is unstable and is readily hydrolysed to gtve back 

the amide. , --i 

/a^ Aridic nature Acetamide also behaves as a weak acid. 
it forL sau' " w“ h' bases. For instance, it forms mercury sal. wt.h 

“"'"zCltcONH. + HgO -> (CH3.CONH)..Hg + H3O 

Similarly, when treated with sodium metal, acetamide forms sodtum 

r-H rONH F Na — » CH^CONHNa + JH3 

CHa.OOiNn.^ h Sod. acetamide 

Acctami e . reduced to ethylamine (i) by 

sodll "cohou.vy catalytically (in) by Itthinm -alum, n, urn 

CONH + 4 H — CH,CH.3NH3 -|- H.3O 

CH3.CONH2 4 Na/alcohol Elhylamine 

rM DHiXiion. on heating with Phosphorus pentoxide. aceta- 
mide losfs a molecule of water giving methyl cyanide. 
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ETHYL ACETATE 


P 2 O 6 

CH3.CONH, ► CH3.CN 

Acetamide — HgO Methyl cyanide. 

(6) Hofmanns bromamide reaction. Acetamide, when treated with 
bromine and sodium um hydroxide, yields methyl amine 

having one carbon atom less than the amide. 

CH3.CONH, ( Br, 4 4 KOH — ► CH3NH2 + 2 KBr -f KsCO» 

Methyl amine -f. 2HaO 

For mecltanism of Hofmann’s bromamide reaction refer to p, 490 . 

ESTERS 

Esters are derived from acids by the replacement of the H-atom of 
the carboxyl group by an alkyl radical. 

o o 

II Replace H || 

R— C-OH — ► R-C-OR' 

by R Ester 

They are named as the alkyl salts of the acids. For example. 

H.COOCH3 Methyl formate 

CH^.COOCjHr, Ethyl acetate 

C2Hr..COOCH;, Methyl propionate 

The best representative of esters is ethyl acetate. 

ETIIYL ACETATE, CH3.COOC2H5 

Preparation. The tollowing methods are available for the prepar- 
ation of ethyl acetate. 

( 1 ) Direct esteriheatiun. The most common method for the 
preparation of ethyl acetate is the direct combination of acetic acid and 
ethyl alcohol in the presence of a suitable dehydrating agent. 

H«>SO 

CH3CO OH - H O C,H, CH3.COOC2H6 + HgO 

Acetic acid rithj | alcohol acetate 

If added to (ake up water formed during the reaction. 

It tins IS not clone, tlie reaction becomes reversible. 

Esterific.uion may also be carried out by passing a mixture of the 
vapours oi ethyl alcohol and acetic acid over thoria (catalyst) at 300 ®. 

CH. CO ; OM i H nC,H, CH3 COOCH^ + HaO 

Ethyl alcohol 300® Ethyl acetate 


* # 

Acciic acid 


(2) Esterification of etbyl alcohol by acetyl chloride or acetic anhy- 
dride. Acetyl chloride or acetic anhydride readily attacks ethyl alcohol 
giving ethyl acetate. 


CH3.CO Cl + H OC.H 

Acetyl chloride 


-“5 

Ethyl alcohol 


CH3.COOC2HB -+ Hcr 

Ethyl acetate 
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CH.COOC.H, 
Eih>l acetate 


CH COOH 

Aconc acid 


<CH;,C0)20 + I 

Awtic anhydride Eth%! alcohol 

,3) From silver acefole. E.hyl acetate can also be obtained by 
treating Sliver acetate with ctlnl halide. 

CH.COO Ag 4- Br C.H., CH.COOC.H. + ^gBr ^ ^ ^ 

Silver acetate . Ethyl acetate ^ 

(4) From erhylenT A'cetic acJ reacts w,th ethylene ,n the presence 

of boron tritlouride (catalyst) giving^ethyl acetate. 

prt f'OOH + C>Hi — ^ CH3COOG.H., 

CHaXUUn Eihyl acetate 

Acetic acid Ethylene 

Laboratory preparation^ ’^/‘jn^he^presc^ of concentrated 

toy heating acetic acid with cth>l alcohol in the presen 

sulphuric acid. 

rH rnOH C H OH CH,.C00C3H3 + H 

"F.Su1coho, Ethy, acetate 

The apparatus used is shown in Fig. 3. ,n caual volume of 

50 ml. of ethyl alcohol is taken consKint sha^ cooling* 

concentrated sulphuric acid added ^9 f,,nnol and a ilnrmomeier and 

The distillation Mask is then fitted with a ® j^ces of porcelain or 

coonccicd to a water condenser as ^hown. A P ^aih J'” ^ 

,5a"^r^i^emonyc‘;er^hou.d he dipping m -he reaction 

mlxiurc. 



Pi,. 3 . '■reP^rr'-'O" f 

. mh or^c aei^ into .be dist, nation 



^50 BrHYL ACETATE 

flask gradually at $uch a rate that the temperature is maintained at 140°. The distiU- 
atioD is continued for about 10 minutes after the complete addition of the alcohol— 
acid mixture. 

The distillate is then transferred to a separating funnel and shaken with a solution 
of sodium carbonate to neutralise the acid. The lower aqueous layer is run out. The 
reaction mixture is then treated with a saturated solution of calcium chloride to 
remove the alcohol and the lower aqueous layer again run out. The ethyl acetate is 
then washed with water and dehydrated over fused calcium chloride and then distilled. 
,The fraction distilling between 74—79“ is collected. This gives almost pure ethyl 
acetate. 

N 

Physical Properties. Ethyl acetate is a colourless liquid having a 
characteristic fruity smell, tt boils at 78®. It is sparingly soluble in 
water but is readily soluble in organic solvents. Itself, it is a good 
solvent. 


Chemical Properties. (1) Hydrolysis. Ethyl acetate is easily hvdro- 
lysed by acids as well as alkalies ‘ . ^ 

CH3.COOC.H5 + HOH — . CH3 COOH + C.H 5 OH 

Ethyl acetate Acetic acid Ethyl alcohol. 

The hydrolysis with alkalies is far more rapid than the hydrolVsis 
With acids. 


Since Ihe alkali salts of higher fatty acids are soaps, the alkaline 
.hydrolysis is also known as saponification. 

(2) Reduction. Ethyl acetate is easily reduced to ethyl alcohol by 
■nascent hydrogen. ^ 

_ r^r\r\ry Na/alcohol 

^ — CHjWH + C3H5OH 

carried out by molecular hydrogen at 

200— 300°^ presence of copper chromite (catalyst) at 


CH3.C00C,H, + 2H., 
Ethyl acetate 


Copper chromite 

:00-3C0“ 
100—300 atm. 


2 CHa.CHjOH 
Ethyl alcohol 


(3) Reaction with ammonia. Ethyl acetate reacts with ammonia 
giving acelamide. 


CH3.COOQH5 NH3 

Ethyl acetate 


CH3.CONH2 + C2H5OH 

Acetamide 


(4) Reaction iviih phosphorus pentachloride. Ethyl acetate is readily 
clrioride^^^ ' pentachloride giving acetyl chloride and ethyl 

— ^-CH^COCl + CHfiCl + POCia 

Elh> I acetate Acetyl chloride Ethyl chloride 

I'ses. Eth} I acetate is used as a solvent in the manufacture of smoke- 
less powders. On account of its refreshing odour, it is largely employed 
in the preparation of artificial fruit essences. 
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SUMMARIES OF TYPICAL MEMBERS 

PREPARATION AND PROPERTIES OF ACETYL CHLORl DE 


PreparatiOD. 


Acetic acid 
CH3.COOH 


POs or PCI 3 
or SOCI 2 


Acttvl Chloride 

cii coci 


Properties 


Hydrolysis 


C2H5OH 


NHa 


1 


Acetic acid 
CTI3COOH 


ElhvI Acetcte 
CHiCOOC^Hs 


Acetamide 

f n,COML 


Acetyl chloride 
CH 3 COCI 


1: 


l: 


CaHaNH- 


(C..H5)aNH 


CHsCOONa distil 


Reduction (His/Pd) 


CaHsMgBr 


CoHo/(A 1C)3 anhy.) 


Ethyl acetamide 
CH^CO.NH C.Hr, 


Dicthvi acetamide 
ClIaCO.NCC.Hs)- 


Acetic anliydridc 
(CH:,CO)aO 


Acctaldelivdc 

CH3CHO 


H.. 


Ethyl Alcohol 
CaHsOH 


.1 


Metlivl elhvi ketone 
Cil3.C().C>Hi 


Acetophenone 

CcHoCO.CHa 
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SUMMARIES 


PREPARATION AND PROPERTIES OF ACETAMIDE 


Preparation. 


Arctic acid 
CHr, COOH 


Methyl cyanide 
CH3CN 


Methyl cyanide 
CH3CN 


Amro, acetate 
CH3COONH1 


Heat with urea 


Partial hydrolysis 


(mineral acid) 
H2O2 + NaOH 


Distil 

(— H.,b) 


Acetyl chloride. Acetic anhydride 
CH3COCI (CHaCOl.O 


NH; 


Acetamide 

CHaCONHa 


Properties. 


Hydrolysis (HCl) 


HCI 


Sodium 


Acetamide 

Cll.CONH, 


HgO 


Reduction by nascent hydrogen 


Dehydration with PaOg 


Br. KOH 

Hofmann’s bromamide reaction 


Acetic acid 
CH3COOH 





Mercnry salt 
(CHsCONHJgHg 


Ethyl amine 

C2H5NH2 



Methyl amine 
CH3.NH8 










DERIVATIVES OF MONOCARBOXYLIC ACIDS 
PREPARATION AND PROPERTIES OF ACETIC ANHYDRIDE 

Preparation. 


453 - 


Acetylene 

CH=CH 


CH3COOH. 


Acetic acid 
CHaCOOH 


Heat with PjO-, or CH3COCI 


Acetic anhydride 

(CH3COLO 


Sod. acetate 
CHgCOONa 


CH1COCI or SCI2 + Cli 


Properties. 


Acetic anhydride 

(CHaCOaO 


HCI or PCI5 


NH,, 


C2H5OH 


Hydrolysis 


Acetyl chloride 
CHnCOCI 


Acetamide 

CH3CONH2 


Ethyl acetate 
CHatOOCsHs 


Acetic acid 
CH3COOH 


I 


Preparation. 

■| Heat with CH3COOH in the ^ 

Ethyl alcohol 

CoHjOH 

1 presence of H2SO4 


Heat with CH;,COOH vapour 

Ethyl alcohol vapour 
CgH^OH 

1 in the presence of ThO„ ( 300 '’) 


1 Ethyl alcohol 

1 C^H.OH 

1 or (CH3CO)20 

• 



Heat with CHa.COOAg 


f React with CH3.COOH in the 
presence of BF3 (catalyst) 


Ethyl acetate 
CH3COOC2H5 

















QUESTIONS 

I 

1. What are acid chlorides, acid amides, acid anhydrides and esters ? Give the 
type formula and the name of the important representative member of each class. 

2. How is acetyl chloride prepared in the laboratory ? Give its important 
properties and uses. 

3. Give practical details for the praparation of acetyl chloride. How can it be 
converted into : 

U) Acetic acid 07) Ethyl acetate (Hi) AcMamide (iv) Acetic anhydride 
(v) Acetaldehyde (v/) Ethyl alcohol (v//) Acetone and (viVi) Acetophenone ? 

4. How is acetic anhydride prepared in the laboratory ? How can it be 
converted into acetic acid, ethyl acetate, acetamide, acetyl chloride, and methyl 
acetamide ? 

5. Give the various methods for the preparation of acetamide. Describe its 
important properties and uses. 

6. Describe the laboratory preparation of acetamide. How can it be converted 
into : 

(/) Acetic acid (/») Ethyl amine (/i7) Methylamine (fv) Methyl cyanide ? 

Show that an amide behaves both as a weak acid and a weak base. 

7. What are esters ? Describe the methods for the preparation of ethyl acetate 
and its important properties. 

8. Give the practical details for the preparation of ethyl acetate. How can it be 
converted into acetic acid, ethyl alcohol, acetamide, and acetyl chloride ? 

‘ Describe the important uses of ethyl acetate. 

9. Name the following groups and give their characteristic reactions : 

(0 “Cv- (/7) -cr 077) -cr 

^C1 ^NHa NdR 

10. What is an acid chloride ? Name some acid chloride and give an account of 

its preparation and properties. (Panjab Inter 1950) 

11. Distinguish chemically between acetyl chloride and acetic anhydride. 

{Panjab Inter I95J) 




CHAPTER XXXVII 


ORGANIC DERIVATIVES OF INORGANIC ACIDS 


The imoortant derivatives of carbox>lic acids have been described in 
the previous chapter. In the following pages the important derivatives 

ofinorgan^ acids such as nitric, nitrous, sulphuric, hvdrocyamc and 

carbonic acids have been discussed, 

DERIVATIVES OF NITRIC ACID 

Alkyl Nitrates. R.O.NO 2 . These are regarded as obtained b> the 

replacement of H-atom of nitric acid by the alkyl radical. 

mm 


For example. 


HO.NO 2 

Niiric acid 


Relpacc H 
by R 


RO.NO, 
Alkyl niiraic 


CH3.O.NO, 

C.HsO.NUa 


Methyl nitrai 
Ethyl nitrate 


e 


The alkyl nitrates may, therelore, be regarded as the esters of nitric 
icid. The typical member, ethyl nitrate, is described below . 

ethyl nitrate. QHjiO.NOz 

Preparation. (1) Ethyl nitrate is prepared by heating ethyl iodide 
with silver nitrate. 


CjHsO.NOj + Agl 

Ethyl nitrate 


C.H, 1 + Ag O.NO, 

, 

Ethyl iodide ^ . .. 

(2) It may also be prepared by the action of concentrated nitric acid 

m ethyl alcohol in the presence of urea. 

Crea . . ^ 

rH nM4-H O NO 2 — ^ CjHsO.NOg + HjO 

CjHb OH+H 2 Ethyl nitrate 

, ,• .• o rtf the alcohol is oxidised and the nitric acid 

. reSuced m n!t?o"u: taV-ent destroys this nitrons acid 

Otherwise the reaction becomes very violent. 
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ETHYL NITRITE 


Physical Properties. Ethyl nitrate is a colourless liquid (b.p. 88®), 
Slaving a pleasant smell. It is insoluble in water. 

Chemical Properties. (I) Hydrolysis. On boiling with an alkali or 
water, ethyl nitrate is hydrolysed to give ethyl alcohol. 

C.H5O NO2 - 1 ^- HOH — »• C0H5OH HO.NOj 

Ethyl nitrate Ethyl alcohol 

(2) Reduction. With tin and hydrochloric acid, ethyl nitrate is 
reduced to ethyl alcohol and hydroxylamine. 


Sn/HCl 

C,H,O.NOe -! 6H C,H,OH + NH^OH + H,0 

Ethyl nitrate Ethyl alcohol Hydroxylamine 

derivatives of nitrous acid 


Alkyl Nitrites, RO.NO. These are regarded as obtained by the 
replacement of H-aiom of nitrous acid by the alkyl radicals. 

Replace H 

HO.NO — ^ RO.NO 

Nitrous acid by R Alkyl nitrite 


For example. 

CH3O.NO Methyl nitrite 

C2H3O.NO Ethyl nitrite 

Alkyl nitrites may, therefore, be regarded as esters of nitrons acid. 
The most important member is ethyl nitrite, 

ethyl nitrite, C2H3O.NO 

Preparation, (1) Ethyl nitrite is obtained by adding concentrated 
hydrochloric acid or sulphuric acid to a mixture of ethyl alcohol and 
aqueous sodium nitrite. 

NaNO, ' HCI — NaCi 1- HNOj 

C.2H3OH , UNO. — CaH^ONO i HjO 

Ethyl alcohol Ethyl nitrite 

(2) It may also be obtained by the action of nitrogen irioxideon 
ithvl alcohol. 

2 C.Hr. 0 H N..O3 — 2C2H:.0.N0 • H2O 

Lihyl alcohol Ethyl nitrile 

Physical Properties. Ethyl nitrite is a pleasant smelling liquid, boiling 
at I?"". .At oruiuaiy temperatures, therefore, it is in the gaseous state. 
It is soiiibic in water. 

t'hemical Properties. (1) Hydrolysis. On treatment with aqueous 
alkali, it is readily hydrolysed to give ethyl alcohol. 

C2 H:.()N(i K.OH — C 2H3OH r KNOj 

I.liiyl nitrac Ethyl alcohol 

(2) Reduction. With tin and hydrochloric acid, it is reduced to ethyl 
.alcohol. 

C2H3ONO i bH 
Kihyl nitrile 


C2H3OH 4 - NH3 d H2O 
Ethyl alcohol 
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Uses. (1) Ethyl nitrite is used as medicine in the treatment of 
asthma and heart diseases. 

(2) Since it readily decomposes to give nitrous acid, it Is used as a 
source of nitrous acid in organic reactions. 

DERIVATIVES OF SULPHURIC ACID 

Alkyl Hydrogen Sulphates, RHSO 4 and Alkyl Sulphates, RsSOj. These 
axe regarded as obtained by the replacement of one or both the 
hydrogen atoms of sulphuric acid by alk)'l radicals. 

Replace both H Replace one H 

RjS 04 H2SO4 RHSO, 

Alkyl sulphate atoms by R .itom b> R Alkyl hydrogen 

’ sulphate 

For instance, 

CH3HSO4 Methyl hydrogen sulphate 

C5H5HSO4 Ethyl hydrogen sulphate 

(CH.,)vSO* Dimethyl sulphate 

(C 2 H 5 ) 2 S 04 Diethyl sulphate 

These may, therefore, by regarded as esters of sulphuric acid. 

The important members are ethyl hydrogen sulphate and dimethyl 
sulphate. 

ETHYL HYDROGEN SULPHATE, Ethyl Sulphuric acid .CJiiHSO, 

PrenaratiOD. (1) Elltyl hydrogen sulphate can be easily prepared by 
heating ethyl alcohol with concentrated sulphuric acid at iOj 

C,H.OH + HjSO* C0H5HSO4 ( H^O 


Ethyl alcohol 


Ethyl hydrogen 
sulphate 


(2) It he prepared by absorbing ethylene ,n sulphuric acid. 

Phvsi.- I P ai'eriies lahyl hydrogen sulphate IS an oily liquid poss- 
essing la — I' It 1. miscible with water in all proportions. 

Chemical Properties. The important reactions of ethyl hydrogen 

Bulphate arc : 

(I) Hydrolysis. On boiling with water, it is hydrolysed to give 
alcohol. 


Boil 


C2Hi.HS04 + HOH 


H2SO., 


CsH.OH 

Ethyl alcohol 

(2) Decomposition, (i) When heated alone, it decomposes to give 

diethyl sulphate and sulphuric acid. 

Heat __ 

2 CpH,HSO, ► (C2 H;,l2SO, + HoSD, 

' Dielhyl sulphate 

(U) On heating with excess of sulphuric acid at 170°. it decomposes 
lo give ethylene. 
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ETHYL SULPHATE i 


■ ' 1 


Heat no® :• 

C 2 H 5 HSO 4 — ^ C,H 4 + UiSOf 

Ethylene 

(Hi) On heating with alcohol at 140®, it gives ether. 

C2H5HSO4 + C2H5OH QHbOCoHs + H2SO4 

Diethyl ether 


'lajt 

f.') 


» / v» • 


(3) Acidic nature. Ethyl hydrogen sulphate decomposes carbonates 
and bicarbonates giving carbon dioxide, showing that it is acidlc-’iO' 
nature. ‘'C-l 


CH.HSO, + NaHCOa — ► CoHsNaSO^^ + HoO + COj 

Ethyl sodium 
sulphate 

The sodium and potassium salts of ethyl hydrogen sulphate, are 
extremely reactive and can be used for the preparation of severaT ethyl 
derivatives, as illustrated below : 

CHsKSO., + KBr — ► QH^Br + K^SO^ 

Ethyl potassium Ethyl bromide 

sulphate 


QHjSH + K^SOil i 
Ethyl thiookohol ■ • 

+ 2K2S04 
Ethyl thiocther 

METHYL SULPHATE (CHalaSO, ' ' 

Preparation. (I) Methyl sulphate is obtained by distilling methyl 
hydrogen sulphate under reduced pressure. 


CH 5 KSO, + KHS 
2C,H3KS04 + K.S 


Distillation 

(CH3)2S0. + H^SO. ' 

Methyl hydrogen in vacuum Dimethyl 
sulphate sulphate 

(2) Industrially, it is prepared by passing sulphur trioxlde into 
methyl alcohol at low temperatures. 


ZCH^OH f 2SO^ 

Metiiyl alcohol 

(3) It may also be obtained 
sulphate. 

XH,l -r Ag.SOj 
Mcihji iodide 


— ► (CHa^sSO^ -h H 2 SO 4 

Dimethyl sulphate 

by heating methyl iodide with silver 

' ) 

— ► (CH3)2S04 + 2AgI 

Dimethyl sulphate 


Physical Properties. Methyl sulphate (b.p. 188®) is a heavy, colour- 
less, odourless liquid which is immiscible with water. It is extremely 
poisonous. 


Chemical Properties. (I) It is readily hydrolysed by alkalies form- 
ing methyl alcohol. 


(CH^).>S04 + 2 K.OH — 2CH3OH + K2SP4 

Methyl alcohol 
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(2) It readily attacks the hydroxy compounds (alcohols and 
phenols) as well as the amino compounds, giving the corresponding 
methyl derivatives. For example, 

C,H,0 H ^ CH 3 .SO, CH, 

Ethyl alcohol Dimethyl sulphate 

CcHjO H CH:, SO, CH, 

I’henol 

C.HsNH H - CH:,. SO, CH,, 

Ethyl amine 

Because of the above reactions, dimethyl sulphate is commonly 
employed as a methylating agent, that is, for introducing methyl group 
in alcohols, phenols, amines, etc. 

Ethyl Sulphate, (C_.HJjSO, 

It can be prepared by the same melhods as employed for the prepa- 
ration of methyl sulphate. It is prepared on a commercial scale by 
passing ethylene in cold concentrated sulphuric acid. 

2C,H, - H,SO, — (C,H5),S0, 

Ethyl sulphate is a colourless, odourless heavy liquid boiling at 208^* 
and is also extremely poisonous. It gives the same reactions as given 

by methyl sulphate and is used as an ethylating agent. 

DERIVATIVES OF HYDROCYANIC ACID 

Alkyl Cyanides and Isocyanides. Hydrocyanic acid (HCN) is known 
to exist in two tautomeric forms, viz., 

H— C=N ^ H— N— C 

Hydrogen cyanide H>dfogon isocyanide 

Hence two types of alkyl derivatives can be obtained. Those derived by 
the replacement of H-aiom of the hydrogen cyanide by the alkyl radicals 

are known as alkyl cyanides and those obtained by the replacement ol 
H-atom of hydrogen isocyanide are known as alkyl isocyanidcs. 

H.C = N 

H.N _rc 

For instance, 

CH:,CN, Methyl cyanide ; 

C\Hr,CN, Ethyl cyanide ; 


Replace H 
by R 

Replace H 
bv R 


R.C^N 

Alkyl cyanide 

R.NirC 

Alkyl isocyanidc 


CHjNC, Methyl isocyanide 
C.,.HiNC, Ethyl isocyanide 


C.HiOCH;, + CH;HSO, 

Methyl cih\ I ether 

C%H,OCH:, CH.HSO, 

Methyl phenyl ether 

C.HsNHCH, CH3HSO, 
Methyl ethyl amine 
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ALKYL CYANIDES 


These may also be regarded as derived from carboxylic acids by the 

repllcemerof the carbixyl group (-COOH1 by t e cya^ 
isocyanide group. Hence they are also named as acid nitnlcs or acia 

isonitriles, as the case may be. 

Replace -COOH Replace -COOH 

R_NC R.COOH . .7 -u 

Kv Nir by-CN Acidmmtc 

Acid ISO- by-NC 

Fo^inslance, CHjCN is known as acelo-nitrile and CH 3 NC is 

named as aceto-isonitrile. 

ALKYL CYANIDES OR ACID NITRILES. R-C=N 
Preparation. (1) Alkyl cyanides are conveniently prepared by healing 
an alkyl iodide with potassium cyanide in dilute alcohol solution. 

RI + KCN — *■ RCN i- KI 

Alkyl iodide Alkyl cyanide 

{2) Alkyl cyanides can also be prepared by the dehydration of 
amides and aldoximes with phosphorus pentoxide. 

P2O6 

R.CONHo — ► RCN 


Amide 


—U^O 




R.CH^NOH — RCN 

Aldoximc — H 2 O Alkyl cyanide 

(3) Manv cyanides, particularly the lower members, can be convem- 
enily and readily obtained by warming the potassium or sodium alkyl 
sulphate with potassium cyanide. 

RKSO 4 + KCN — ► RCN + K 2 SO 4 

Alkyl potassium Alkyl cyanide 

sulphate 

4. Industrially, alkyl cyanides are obtained by passing a mixture 
of the vapours of a carboxlyic acid and ammonia over heated alumina. 

AI2O3 

RC OOH + H 3 N — RCN + 2 H 2 O 

500® Alkyl cyanide 


Physical Properties. The lower members (up to C 14 ) are colourless 
liquidh with a strong characteristic sweet smell. The higher members 
are cryslailiiie solids. They are moderately soluble in water but freely 
voluble in organic solvents. They are poisonous 

Chemical Properties. The important reactions of alkyl cyanides 
arc , 

( ! ) Hydrolysis. On boiling with an alkali or a dilute mineral acid, 
the c\aniUes are hydrolysed to give carboxylic acids. Amides are 

O 

R-C-NH 3 

Amide 


♦ • ^ 
formed the intermediate products. 

Acid or 

(ij R-C=N + H.O — 

alkali 
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O 

II 

R_C- NH^ + H OH 


Acid or 


o 

i! 

R-C— OH 



alkali Carbox\lic acid 


(NH,) 


(2) Reduction. On reduction with lithium aluminium hydride or 
with sodium amalgam and alcohol ( .\iendius reaction), alkyl cyanides 
vield primary amines. 

Na'CoH;,OH 

R-C=N+4H RCH.NH. 

Primary amine 


(3) Reaction with Crignard reagents. Alkyl cyanides react with 
Grienard reaeents giving ketones. 

R' 

r_C = N + R'MgX — R-C =N.MgX 


R' 

I -NH. 

R_c = 0 + 

Ketone 'X 

(4) Stephen s reaction. Alkyl cyanides when reduced with tin and 
hydrochloric actd in ether or ethyl acetate solution give a/dimines 
which on hydrolysis (steam distillation) yield aldehydes. 

Sn/HCI H2O 

r_C = N -f- 2H — RCH = NH — RCHO + NH 3 

Aldimine steam Aldch>de 



ALKVL ISOCVANIDES OR ACID ISOMTRILES. CARBYLAMI^ES. R-SC 

Preparation (I) Alkyl isocyanides are obtained by heating a 
primary amine with chloroform and alcoholic potash (carhylamine 
reaction). 

R. NHo -f CHCIa 3KOH — ► RNC r 3KC1 f 3HoO 

Primary Chloroform Alkyl 

amine isocyanide 

(2) Alkyl isocyandes may be obtained by the action of silver 
cyanide on alkyl halides. A small amount of the cyanide is also 
formed along with. 

RI + AgCN RNC Agl 

Alkyl Iodide Alkyl isocyanide 

Physical Properties. Alkyl isocyanides arc colourless, e.xtrcmely 
unpleasant smelling, volatile liquids which are much more poisonous 
than the cyanides They are only slightly soluble in water but arc 
freely soluble in organic solvents. 

Chemical Properties. Alkyl isocyanidcs arc highly reactive com- 
pounds and differ almost entirely from cyanides as illustrated below ; 

(1) Hydrolysis. Alkyl isocyanidcs are not hydrolysed by aikalic'.. 
With dilute mineral acids, however, they are hydrolysed to give {ninuiry 
amines. (Distinction from cyanides which on hydrolysis by bjth acids 
and alkalies yield carboxylic acids). 
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ALKYL ISOCYANroES 


RN C + 


HO H 
HO H 


Acid 


RNHs + H.COOH 

Primary Formic acid 
amine 


Isocyanidc . , 

(2) Redaction. When reduced catalytically or by nascent hydrogw 

isocyanides give secondary amines. (Distinction from cyanides which 

on reduction give primary amines). 

Na/L^HsUii 

RNC — ► R.NH.CHa 

Alkyl methyl amine 

(3) Isomerisation. When heated at 250’ for some time, they change 
into the isomeric cyanides showing thereby that cyanides are more stable 

than the isocyanides. 

Heat 

RNC — *• R.CN 

Isocyanides 250® Cyanides 

(4) Addition Reactions. Alkyl isocyanides add on halogens, 
sulphur and oxygen to form the corresponding compounds. 


RNC + Xa 

(Halogen) 

RNC + S 


RNCXo 


RNC -f- HgO 


RNCS 

Alkyl thioisocyanate 

RNCO + Hg 

Alkyl isocyanate 

DERIVATIVES OF CARBONIC ACID - 

Carbonic acid is unstable and cannot be isolated in the free state. It, 
however, forms a number of derivatives which are stable and highly 

useful. . • u 

The various derivatives of carbonic acid and the manner in which 
they may be regarded as derived from the latter are given below : 
b o o 

jl one (OH) group |l Both (OH) groups || 

HO-C-Cl — HO-C-OH — ^ Cl-C-Cl 

Chloro- replaced by Cl Carbonic acid replaced by Carbonyl 

carbooic acid Cl atoms chloride 

or 

ihlorofornUc 


Odd 


i 


Onci (OH) replaced 
by^ NHj group 


i 

O 

II 

HoN-C— OH 
Amino carbonic 
acid 


Both ; H-atoms 
replacjed by 
C^Hs’groups. 

I 

i 

O 

11 

HbCp-C-OCoHs 
Ethyl carbooate 


Both 

rcplac 

NHj 


(OH) groups 
ed by 
groups. 


i 

O 

II 

HjN-C-NHs 
Diamino carbonic 
acid, Carbamide or 
Urea 
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The most important derivative is urea which has been described, in 
details, below : 

UREA, carbamide. NHo.CO.NHa 

Urea was isolated for the first time in i773 by Roulle from urine 
and hence the name. It is formed in man and mammals as a rusult ot 
decomposition of proteins and is excreted in urine. Urea was the first 
orsanic compound synthesised trom inorganic substances (Wohler. 

18'2S). 

Preparation (1) From urine. The concentrated 
concentrnicd nitric acid when uiea nitrate. NH.rO NH, HNO,, 

separates out in the form of a crystalline precipitate. Thisis dissolved 

in water and treated with barium carbonate when urea is liberated. 


2 NH^.CO.NHi HNOj BaCOa 
Urea nitrate 


: NH-CO.NHj - Ba(NO:i)j-r U,0 • CO.> 

Urea 


Any excess of barium carbonate is filtered <Tf and the -olut.on 
evaporated to dryness. Pure urea is extracted by alc.ohol m uhi.h 

barium nitrate is not soluble. 

(2) From ammonium cyanate. Urea may be conveniently prerared 
imho laboratory by ^Vvhlers method, that is. by cyaporating an 
aqueous solution of potassium cyanate and ammonium sulphate. 

the ammonium cyanate lormed undergoes molecular rearrangement 

give urecK 

KCNO -) _ K,50. ^.cuu,r ^n^CO.NH, 

(NH.IuSO,, J 2NH,CNO rc-arranEcmcn. V,... 

(3) From carbonyl chloride. Urea may also be prepared in the labo- 
ratory by interacting caioonyl chloride with an'.monia. 


H.N- H 


O 

II 

Cl-c 


o 


4 NH 3 ^ 

H_NH, — [TN-C-NH, 2MTCI 

Urea 


Carbonyl chloride 
(phosgene). 

f4) From carbon dioxide and ammonia. Urea is nowprepared indu- 
jrially by the interaction of liquid ammonia and liquid carbon dioxu Ic 

Lder pressure The ammonium carbamate produced is heated at 1 . 0- 

150" under a pressure of about 35 atmospheres to lose a molecule ot 

water givinc urea. 

Under 130—150 

CO.. h:NH, — NHXOONH, — NH., CO.NH, H,0 

(liau’id) (liquid) prcisurc Ammonium 35 atm. i-rea 

^ carbamate 

Previously urea was prepared by partial hydrolysis of cyanamidc in 
a weakiv acidic solution. 
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UREA 


weak 

H 2 N.C=N + H 2 O — ► H 2 N.CO.NH 2 

acid 

Physical Properties. Urea is a white crystalline solid, melting at 132^ 
It is soluble in water and alcohol but is insoluble in ether. 

Chemical Properties. Urea essentially exhibits the character of an 
amide, though in certain aspects it behaves like amines. The more 
important reactions of urea are described below : 

(1) Basic nature. Urea behaves as a toe and forms cry- 

stalline salts with strong acids (c/. amines). The most important salts 
are urea nitrate and urea oxalate. 

H.NCONHo - HNO 3 — ► NH 0 CONH 2 .HNO 3 

Urea nitrate 

?. NH 0 CONH 3 - CiHA ► (NH2C0NH2)2C2H20, 

Urea Oxalic acid Urea oxalate 

(2) Hydrolysis. Urea, like other amides, is easily hydrolysed when 
heated with an alkali or a dilute mineral acid to give ammonia and 
carbon dioxide. 

Alkali or 

NHoCONH. -r 2HOH — 2 NH 3 + CO. H.O 

Urea acid 

The above hydrolytic decomposition is also carried out quantitatively 
by an enzyme, urease, present m soyabeans. The ammonia evolved can 
be estimated volumetrically and hence this reaction is used for the 
estimation of urea. 


(3) Action of heat. Urea, when heated gently, loses ammonia to 
form biuret. 


Heat 

NHj.CO. NH., - H NHCONH. — *• NH.CO.NH CO.NH 2 -f NH» 

Urea Urea Biuret 

Biuret gives violet colouration on the addition of small amounts of 
dilute sodium hydroxide and copper sulphate solutions (biuret test). 

(4) Action of nitrous acid. Urea is decomposed into gaseous 
nitrogen and carbon dioxide on treatment with nitrous acid. 


H.NCONH. - 2HONO 


2 N 2 + COo -h 3 H 2 O 


(5) Action of alkaline hypobromite. On treatment with alkaline 
solution ot sodium or potassium hypobromite, urea is again decomposed 
into gaseous nitrogen. 

NH CONH . 3NaOBr -r 2NaOH-^N. + NajCO^ 

" + 3NaBr -f 3 H 2 O 


This reaction is used in the estimation of urea. 
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(6) Action of acid chlorides and acid anhydrides. Urea reacts with 
acid chlorides and acid anhydrides to give acetyl derivative, known a, 

ureides (r/. amines). 


NH.CONH., ^ CHnCOCl 

Urea Acetyl chloride 


NHXONHCOCH, HCl 


Accivl urea 


(7) Action with hydrazine. Urea reacts with hydrazine (NH., NH.) 
10 form semicarbazide. 


NH,CO NH-. H NH.NH. 

Urea 

Hydrazine 


NH.CO.NH.NH, 

Semicarbazide 


NH 


Semicarbazide is an important reagent used for identification and 
separation of sugars. 

<S) Action with malonic ester. Urea reacts with malonic ester 
<dieihyl malonate) to form barbituric acid or malonyl urea. 


NH H HsC.O OC 


CO 


-i- 


NH H H.=,C,0 OC 


\ 

CH.. 


CO 


NH-CO 

\ 


CH. 


\ 


l.irea 


Malonic ester 


NH-CO 

Barbituric acid or 
Malonyl urea 


Barbituric acid and its derivatives are important hypnotics and seda 
lives and have been frequently used as such m medicine. 


Uses. Urea is used : 

(1) Extensively as a fertilizer. 

(ii) in the manufacture of formaldehyde-urea plastic. 

(iii) In the preparation of drugs and li\pnotics. 

(iv) As a stabiliser for nitrocellulose explosives. 

T«ts. (I) Urea can be identified b> the tcl. 

(2) On adding sodium nitrite to a solution of urea, containing dilute ludro 
chloric add. nitrogen gas is given out. 
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SUMMARY OF TYPICAL MEMBER 

preparation and properties of urea 


Preparation. 

" BaCO:, 

LVea nitrate I 

NHaCONH^ HNOa 


r 


Ammonium cyanatc 
NHjCNO 


Cvanamide 

HjN-C^N 


Heat, arranecmeot 


Partial hydrolysis 


Urea 

NH.CO.NHo 


Liquid 

CO: atul Ammonia 


Heal (130-150') under 


pressure 


Properlics. 


Lrca 1 
NHo.CO.NH,. I 

I 


HNOa 


Urea nitrate 
NHaCONH.HNOa 


(COOH)a 


Urea oxalate 
(NH«CONHj)2(COOH)o 


Hydrolysis with dil. miner.al acid 
or alkali or urease 

Heat 


UNO. 


NaOBr -r NaOH 


CH 3 COCI or (CH ;C0)..0 



Biuret 

NHXO NH.CONHo 


+ CO: + 


N., -f NaBr 
NaXb;, - H.O 


Acetvl urea 

NH.CONH.COCHa 


NHo.NH-: 

(hydrazine) 

CH2(C00C..H5)2 

Malonic ester 


Semicarbazidc 

NH.CO.NH.ML: 
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uses 


QUESTIONS 

f, How can elhyl i.ocyanide - pKpar distinguish between 

7 What are nilriles and .<on.lr.les? Howuouiaso 

Describe .he various methods for the preparation of urea. G.ve its important 

properties and use';. t<,boratorv (ii) on a coirmcrcial scale ? 

0 How i' uses of this compound. 

DescribL'the important pr p - H 9 O ar'd N.>. Taking tins 

10. Urea reacts ni.h ndrous^^acid^ to g.ve^^C^. 
reaction as a 'J'’^'”;"'^ndit?ons obtained from 0-2 gm. of urea. 

ofN? under normal condUion (pan jab Inter 1956) 

,C„i;. H = l.N>l.>.0»I6j^ l46rm.,HsO=OI8gm.. N.- I'tfJ c c) 

, , o.ve the occurrence, preparntiom important Propeb- -d 

f (Paitjoh Inicr 1953' 

write a conctse note on the cl^motry 

i VO. .hi NaOH ,c. Br. and KOH ^ 


CHAPTER XXXVII 

SUBSTITUTED CARBOXYLIC ACIDS 


The substituted carboxylic acids ure derived from carbaxylitracfd^ by 

le substitution of one or more hydrogen atoms of the atkyl’ group by 

other atoms or groups such as -Cl. -OH. — NH. etc. Thu», there are: 

^^‘Ogenated aads. hydroxy acids, amino acids, etc. They are' usually 

carboxylic acid from which they arc derived. Fof instance, . 
the derivatives of acetic acid will be 


Cl.CHj.COOH Chloroacetic acid 
HO.CHo.COOH Hydroxy acetic acid 
NH0.CH3.COOH Amino acetic acid. 


In order to name the higher members, the carbon atoms are usually^ 

esignated as a, y, 5 starting from the carbon atom carrying the 

ar oxylic group and the position of the substituent is indicated accord- 
ingly. For example, 


*/' P a 

CH3CHOHCM.COOH is named as .3-hydroxy butyric acid 

and CH3CH0CHCI.COOH is named as x-chloro butyric acid. 

Evidently, the substituted acids are compounds containing two func- 
.. ‘ ^nd hence they will give reactions characteristic of both th^ 

<'ups, r/r., the carboxyl group and the respective substituent group. 

Someof the typical members of the substituted acids have been des- 

cru'ca below ; 


( ilLOROACF.TK 


\CID. CHjCl.COOH 


Preparation, fl) It is prepared 
chlorine into glacial acetic acid at 100 
<catal\st). 


on a commercial scale by passing' 
” in the presence of red phosphorus^ 


CH.COOH 

Acetic acid 


Red P 

CL — ► CH.CICOOH + HCl 

100 Chloroacetic acid 
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Physical Properties. Chloroacetic acid is a colourless, crystalline solitf 
(m.p. 62®), soluble in water. It is a much stronger acid than acetic acid 
and has a strong corrosive action on the skin. 

Chemical Properties. Chloroacetic acid gives the reactions ol a 
carboxyl group as well as of an active chlorine atom. 

Reactions of a carboxyl group. Chloroacetic acid 
tions of a -COOH group, such as formation of salts with alkalies . (.sters 
with alcohols \ acid chlorides with phosphorus halides, etc. For example, 

cold , , _ 

CH.Cl COOH + NaOH CH.O.COONa + H.O 

Chloroacetic acid Sod. chioroaceiate 


CHaClCOOH 
Chloroacetic acid 


HSO. 

qH,OH CHXI.COOC.H, 4- H.O 

Erhvl alcohol 


Eih>’l chioroaceiate 


CH.,CICOOH + PCI 5 

Chloroacetic acid 


CHXI.COCl POCi., 

Chloroaceiyl chloride 


HCl 


Reactions of chlorine atom. The chlorine atoni can be readily 
replaced (as in alkyi halides) by other atoms or groups by appropriate 

treatments. For example, 

( 1 ) On boiling with water, the Cl-atom is replaced by (OH) group. 
CHXl COOH + HOH — ^ CH,(OH) COOH + HCl 

Chlo'roacctic acid 


GIvcoltic acid 


On boil.ng w.th aqueous alkali, the end product will be the .odium 
salt of glycollic acid. 

(2) On treatment with alcoholic ammonia, the Chatoni is replaced by 
— ;V/7.. group. 

' CH CI.COOH NH, — CH,(NHO.COOH + HCl 

ChtoVoacotic aciJ (alcoholic) Aminoaccuc ac.d 

( 3 ) On boiling with aqueous potassium cyanide, (/«■ Cl-awm is 
replaced by the cyanide group. 


CHXl.COOH + KCN 

Chloroacetic acid 


CH,(CN)COOH + KCI 
Cyanoacelic acid 


(4) On treatment with pol.issium iodide or sodium iodide, the Cl- 

atom is replaced by the iodine atom. 


CHXl.COOH + KI 
Chloroacetic acid 


CH.l.COOH + KCI 

lodoacctic acid 


. ,1) rhioroacetic acid is used as a synthetic reapnt lor the 

prepa^Tt^n' of h“nd amino acids, indigo, etc. It ,s also usee as a 
sterilizing agent. 
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AMINOACETIC ACID, CHsNHjCOOH, GLYCINE 

Preparation. (1) Amino acetic acid is prepared by the action of 
alcoholic ammonia solution on chloroaceiic acid. 

CH,CI.COOH + 2 NH 3 — ► CHS.NH 2 COOH -!- NH 4 CI 

Chloroaceiic acid Aminoacetic acid 


(2) It may also be obtained from formaldehyde as below : 

CN 

I 

H— C— NHo 
1 

H 

Aminonitrile 


H-C=0 4- HCN 


H 

'FormaldeliNdc 

Hydrolvsis 


CN 

f 

H-C-OH 


NH3 
- H-,0 


H 

Cyanohydrin 

COOH 

I 

H-C— NH., or 
H 


CH 2 .NH..COOH 

Aminoacetic acid 


Physical Properties Aminoacetic acid is a white crystalline solid 
Cm p. 235^^). highly sobjblc in water but practically insoluble in alcohol 
and ether. It has a sweet taste, hence the name glycine /"Gree/t. glycos 
means sweet. j 

Chemical Properties Glycine gives reactions of both carboxyl and 
ammo groups. 

Reactions of carboxyl group. Glycine gives the usual reactions of a 
carboxyl group, ^uch as formation of salts with alkalies ; esters with 
alcohols : acid chlorides with phosphorus halides, etc. For example, 


(0 

an 

(Hi } 


NH. CM, COOH 

GKcinc 

NH, CH. COOH 

Glvcine 


f NaOH 
' C,H., OH 

Ethyl alcohol 


NH, CH.COOH + PCI, 

Ght me 


(iv) NH, CH.COOH -i- CaO 

Glycine 


Distil 


NHo.CH.COONa + H..0 

Sod. nmino acetate 

NH..CH,.C00C.H5 -f HoO 

Eth.vl amino acetate 

NHo.CH. COCl+POCl^+HCl 

Amino acetyl 
chloride 


CaCO., 


CH, NH. - 

Mclhylamine 

Rtaclions of amino group Glycine also gives the usual reactions 0 

'/ I such as formation of salts with strong acids ; acetvi 

conduisation products with formaldehyde, etc. 

( /,) IIOOC CH,.NH, HO — THOOC CHo.NHsJ’Cr 

^ Glycine hydrochloride 

CH3COCI — ► HOOC.CHa.NH.COCHa + HCI 

Acetyl glycine 


fH) HOOC.CH.,.NH, 

Glycine 
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(Hi) HOOC.CH, NH.rHONO 
Glycine 

(iv) HOOC.CH,.N H, - O-CH, 

Glycine Formaldcdyde 


HOOC.CH..OH -N,- H,0 
Glycollic acid 

HOOC CH,.N = CH, - H,<.> 

Methylene glycine 


(y) It ttUo gives the usual carhylammc 
HOOC.CH. NH.+CHa, + 3KOH 


-f-3KCl-r3H,0 


Uses. Glycine is used for the 

instance, benzoic acd ,s remosed a. 

benzoyl glycine. 

HYDROXY .YCEIIC .\<-ID, Glycollic Acid. CH,(OH)COOH 
""'I' My doHios an a.ueous sol.dlon of cl.loroocc.u nad „ na,cr. 

CH.C,.COOH -h HOH ^ ^ ' 

Chloroaceiic acid 

(2) Bv die action oj nitrous acid on glycine. 

CH., NH.COOH + MONO 

Glycine 


» 5 *7 

CH,.OH.COOH :-Ns + H,0 (:i.) 
GTycollic acid 


,j, a-.-,*,..- 

"■'■'’iooc COOH . .H - C"£5S' - 

Oxalic acid , , , 

y with carbon monoxhU’ and water wiifcr 

( 4 ) By of a catalyst (commercial me.lual). 

pressure at 160 I7U ^ CH.OH.COOH 

H.CHO + CO rli Glycollic acid 

Formaldehyde rivcollic acid is a crystalline substance (m.p. 

Physical ^ >*1 water, ethanol and ether, 

hvfiroscopic jno rcdoi y 

■ .. r.lvcoHic acid. CH..(OH) COOH, contains a 

carboxTaf wd^as a primary alcoholic group, hence it combines the 

properties of if. alkalies esters with alcohols, and amides »iih 

(1) It forms salts with alkanes, esitr 

ammonia. 
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LACTiC ACID 


CH.OH 


-r NaOH 


COOH 

Glycollic ncid 

CHoOH 


CHoOH 

I + H2O 
COONa 

Sod. glycoilate 
CHoOH 


1 

COOH 

Glycollic acid 

r CoHsOH 


\ H2O 

COOC2H5 

Ethyl glycoilate 

CH,OH 

CH2OH 

Heat 

CHjOH 

1 -rNHs- 

^ 


COOH 

C00NH4 

— HjO 

CONH2 

Glycollic acid 

Amm. 

glycoilate 


Glycoilamide 


(2) It reacts with Na metal and with PCI 5 , when both- the functional 
:groups are attacked. 


CHoOH 


2Na 


CHoONa 


COOH 

Glycollic acid 

CH..OH 


COONa 

Disodium 

glycoilate 


-f Ha 


2PC1, 


COOH 

Glycollic acid 


CHoCl 

I -f 2POCI3. -r 2 HC! 
COCl 
Chloroacctyl 
chloride 

(3) It reacts with acetyl chloride giving the acetyl derivative. 

CHoOH CH2O.CO.CH3 

) - C’H^COCl — 1 HCI 

COOH 

Glycollic acid 


COOH 

Acetyl glycollic acid 


(4) On oxidation, it gives oxalic acid. 
CH.OH ( 0 ) 


CHO 


(O) 


COOH 

r COOH K.CrsOj/HoSOj COOH 

OivcollK aciu Glyoxaticacid Oxalic acid 

(^) On healing, it loses water, forming a cyclic diester. 

CH/) H - Ho OC Heat CHo-O-CO 
CO OH-HOCH, 

Glycollidc 

\( 11), -J.-}{Ydroxy Propionic Acid CHg.CHOH.COOH. 

1 ictic acid is present in sour milk where it is produced bv the fermen 
>. 11 . m Ol m.lk sugar (lactose) by the bacteria known as heiUTcim 
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C,2H,,On + 

Lactose 


4C3H«03 
Lactic acid 


Hence, the name lactic acid (Latin, lac means milk). 

Preparation. Lactic acid is prepared ; 

(1) From x-chloropropionic acid. By boiling with water. 

Boil ^ 

CH3CHCI.COOH + HOH *■ CH3CHOH.COOH -r HCl 

^-Chloropropionicacid Lactic acid ^ j 

(1) From acetaldehyde By interaction with HCN and subsequent 
ihydrolysis. 

CN H>drol>sis 

CH 3 CHO -i- HCN — CH 3 CH ► CH 3 CH 

Acetaldehyde 

Cyanohydrin 


COOH 


\ 


OH 

Lactic acid 

(3) From prop>lene By oxidation with cold dilute alkaline per- 
manaanale (Baeyer's reagent). 

KMn 04 

CH3.CH = CH. -r H,0 + O ^ 

Propylene alkaline 


ch^choh.ch.oh 

Propylene glycol 


O 


CHjCHOH COOH (p.~f-) 

Lactic acid 


c.,o«rc I actic acid is prepared industrially by the fermen- 

14 ) From sugars. hnrillu^ oresent in sour milk. The optimum 

tation of cane-sugar by heto bacillus P^nt in ‘ ^ 

condi.ions are (i) neutral solut.on and ( ,0 35-37 temperature. 


CJ2H2.5O11 

Sucrose 


H.O 


C,H,,0« 


-4- C,H,,0, 

Glucose FructO'C 

2 CH 3 CHOH.COOH 
Lactic acid 


u . <n nf canc-sucar. is diluted with water and 

Molasses, containing in ihe presence^ of powdered chalk (calcium 

treated with sour milk at about 37 - combines with the chalk 

carbonate). The lactic ^^.d formed ^unng^ Umien^ fermcnia- 

forming calcium whKh^^^^^ treated with dilute sulphuric acid 

the filtrate by vacuum disullation. 

Physical Iroperti^. P extremely deliquescent nature and low 
melting at 18 - in the form of a thick syrupy liquid. 

I^t'r^lLSdy miscibtf S W^r. ethane, and ether. 


rhomical Properties. Lact.c acid contains a carboxyl as vvcil ax a 
sccotUarTafcoholm group, hence it combines the propert.es ol both. 

( I ) It forms sal, will, alkalies and eslcrs will, alcohols. 
CHS.CHOH..COOH + NaOH — CH.CHOH.COONa + H,0 
Lactic acid 


Sodium lactate 
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TARTARIC ACID 


2CH3.CHOH.COOH + CaCO^ — ► (CH3.CHOH.COO)5Ca 

Lactic acid Calcium lactate 

4- CO* “i" HoO 

CH3.CHOH.COOH 4 - C2H5OH — CH3CHOH.COOC3H5 -r HaO 
Lactic acid Ethyl alcohol Ethyl lactate 

(2) Wiih phosphorus pentachloride, both the (OH) and the — COOH 
groups are attacked. 

2PCI5 

CH3CHOH.COOH — ► CHaCHClCOCI-F 2POCl3-r2HCl 

Lactic acid Lactyl chloride 

(.^) On oxidation with hot alkaline permanganate, the secondary 
alcohoic group is oxidised to the ketonic group. 

(O) 

CH3.CHOH.COOH — .. CH3.CO.COOH -r H4O 

Lactic acid KMnOj alkaline Pyruvic acid 

(4) On reduction with hydriodic acid, the-CHOH arouo is reduced 

to -CH.. * 

CH;iCHOH.COOH + 2HI — CH^CH.COOH - H .O - 1. 

Lactic acid Propionic acid 

(5) On heating alone, it loses water, giving a cyclic diester. 


CH.,.CHO H HO OC 
1 - ; 

Ori H OHC.CH3 

Lactic acid 


CHgCH-O-CO 
I 


OC- O -CH.CHj 

Lactide 


(61 O.T heating with dilute sulphuric acid at 130^ it decomposes 
to gi\c ac:fatiL-hydc and formic acid. 


CHsCHOH.COOH 

Lactic acid 


H,S 04 

CH3.CHO 

130® .Acetaldehyde 


H.COOH 

Formic acid 


(7) On warming wiih iodine and alkali, it gives iodoform (Iodoform 
rcaciion). 

Lactic acid is used as a mordant in dyeing wool : for deliming 
ol hides in laiinmg and as a medicine in the form of calcium lactate and 
iron lactate. Its ethyl and butyl esters are used as solvents. 

TAUlMHr AriiA . CHOH.COOH 

lARlMU. .\CU). ( Dihydrox) Succinic Acid). t 

CHOH.COOH 

it in the free state and as potassium hvdrogen tartrate in 

laniaiiiid (':mli 1 and grapes. 

Prcjniration. 

seo potassium hydroecn tariratc which 

sep^irates out m the form of a reddish-brown crystalline mass uitrmg the fermentation 
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of grape j^uice .o wine ThU '’J’ssoTv^rin \“afe" 

I^Tnemra'Ld brcSn" hydroxw^ a mixture of calcium tanra.e (.soluble) 

and potassium tartrate (soluble) «s obtained. , pp^o ^ 

'>k'nr H.Or. Ca(OH)> — ► K0C1H4OC -r CaC4H4U8 ^ 
Oe“m‘offar.Ir ‘ ' Pot, iar.ratc Cal. tartrate 

-r. f-^rtnip is Separated by filtration and the filtrate containing potassium 

mrtrme^s tr“at?d with ^ chloride to get a precipitate ol calc, urn tartrate 

which is isolated. 


K2C4H4OC + CaClo 
Pot. lariralc 


CaC4H40g +2KCI 
Cal. tartrate 


The total lot of calcium tartrate is then treated svith calculated amount of 
sulphuric acid to liberate tartaric acid. 


CaCiHiOo + H 2 SO 4 
Ca tariraic 


CaSO, H- C 4 H 0 O 6 
Ppt. Tartaric acid 


The calcium sulphate is removed by Dltratiou and the tartaric acid left in solut.on 
is crystallised out. 

Synthesis Tartaric acid can be synthesised from carbon and hydrogen 
as illustrated below' : 


2C + H-. 


Electric 


arc 


CH H,; CH-. Br^ CHnBr KCN 
CH CHsBr 

Acetylene Ethylene Ethylene dibromidc 


CH^CN Hydrolysis CH.COOHj^ CH-Br.COOH CH.OH.COOH 

CHCN CH.COOH (Pf CH.Br.COOH CH.OH.COOH 

^ .pcc,n.cacid Tartar, c acd 

cyanide 

This complete synthesis of tartaric acid also proves its structure. 

Physical Properties. Tartaric acid crystallises in the form of large 
monoclmtc prisms melting at 206“. It is read.ly soluble ,n water but 

insoluble in ether. 


Chemical Properties. (1) Tartaric acid is 
two series of salts with alkalies and two senes 
example. 


a dibasic acid and it forms 
of esters with alcohols. For 


CH(0H)C001C CHCOH)COOIC CH(OH)COOC.ddt 

I J«. . , ^ . X /■■’ij/m-t ' 1(^00 H 


CH(OH)COOH 
Pot acid lartraie 


CH(OH)COOK. 

Pot. tartrate 


CH(OH)COOCnH5 CH(OH)COONa 


CHCOHlCOOCjHs 

Diethyl tartrate 


Cri(OH)COOK 
Sod pot tartrate 
{Rochelle sail) 


CH(OH)COOH 

Ethyl acid tartrate 

CH(OH)COOK 

I 

CH(OH)COO(SbO) 
Pot. anlimonyl tartrate 
{Tartar emelic) 
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CITRIC ACID 


(2) On heating with hydrobromic acid, it gives dibromosuccinic acid. 

CH(OH)COOH CHBrCOOH 

I + 2HBr — ► I + 2 HjO 

CH(OH)COOH CHBrCOOH 

Tartaric acid Dibromo succinic acid 

(3) On warming with concentrated hydriodic acfd, it is reduced to 
succinic acid. 


CH(OH)COOH 

1 -h 4H[ 

CH(OH)COOH 

Tartaric acid 


CH^.COOH 

I + 2H,0 + 21, 

CHg.COOH 

Succinic acid 


(4) On heating above its melting point, it gives the anhydride. 

CH(OH)COOH Heat CH(OH)CO\ 

1 —<-1 >0 H- H,0 

CH{0H)C00H CH(OH)CO/ 

Tartaric acid Tartaric anhydride 

(5) On heating with concentrated sulphuric acid, it gets ‘charred’ 
with the simultaneous evolution of CO, CO, and SO,. 


Uses. Tartaric acid is used in the preparation of effervescent salines 
along with sodium bicarbonate. The salts of tartaric acid are used in 
medicine and industry, for instance, potassium acid tartrate is used for 
making baking powders ; tartar emetic is used as a mordant in dyeing and 
in medicine and Rochelle salt is used in silvering of mirrors. 

Test. Tartaric acid cao be identified by the following tests : 

1. On heating in a dry test lube, tartaric acid gels charred giving a soisll of 
burnt sugar. 


2. On heating with concentrated sulphuric acid, charring takes place with the 
evolution of CO, C0;> and SO2* accompanied by a smell of burnt sugar. 

3. On warming the acid with a few drops of resorcinol solution, a violet red 
coloration is obtained. 

f On adding silver nitrate solution to a neutral solution of tartaric acid, a white 
precipitate IS obtained. The precipitate dissolves in ammonia and on warming, a 
silver mirror IS obtained. u®, 


CITRIC ACID, (2-Hy(Iroxy 1,2,3, tricaboxy-propane) 


CHXOOH 

I " 

C(OH).COOH 


CHj.COOH 

Citric acid occurs widely in the free stale in vegetable kingdom. The 

juice ol all Iruits with sour taste, such as lemons, galgals, unripe oranges 
etc., contains citric acid. 

Preparation. Citric acid is obtained from two sources ; 

(1) From lemons. Large quantities of citric acid are prepared from the iuice of 
lemons whicii contains about 5-10 per cent of citric acid. The juice is first boiled to 
coagulate the a buminous matter which is removed by filtration. The filtered iuice is 

then neutralised by chalk (CaCOj) and boiled when citric acid gets precipitated as 

calcium curate. The latter is separated by filtration aad decomposed by a calculated 
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. f i«KnrJr arid The calcium sulphate formed, being insoluble, is removed 
brfiUrati™ tS 'he m.ra.elon.aioing citric acid is evaporated to get crystals of 

citric acid. 

Till about 90 per cent of the world supply of 

(2) From sugars But recently, a more economical method 

citric acid was produced from J . ritric acid U involves ihe fermentation 

has been developed presence of certain inorganic salts by a special 

;^otl'd''Xe°;,r"v?Lr in aci'd"ic’'toY (pH ■ to 2). The nrcchan.snt of the 
reaction is not clearly understood. 

,n the U.S.A.. England. Japan and some o.her countries, citric acid is now 
.Chiefly manufactured by the fermentation process. 

Synthesis. Citric acid can be synthesised from its elements, as shown 
below : 

First step is the synthesis of glycerol (see chapter XXXI). 

Further : 


CH2OH 

I 

CHOH 


HCl 


CHsCl 


(O) 


CHOH 


CH.OH 

Glycerol 


CH.CI 

a : a' dichloro- 
isopropy! alcohol 


CH.Cl 
I ■ HCN 

c=o 

I 

CHoCI 
: a' dichloro- 
acetone 


CH.Cl 


C(OH)CN 

I 

CHXI 

x' dichloroacctone 
cyanohydrin 


KCN 


CH.,CN 


C(OH)CN 


Hydrolysis 


CHXOOH 

I 

C(OH)COOH 

« 


I 


CHXN 

Dicyano-cyanohydrin 

of acetone 


CH.COOH 

Citric acid 


Physical Properties. Citric acid crystallises tn the form of large pris- 
matic crystals with one molecule of water of crystall.sat.on It is readily 
Alible in water and alcohol but is sparingly soluble ut ether. 

Chemical Properties, (1) Being a tribasic acid it forms three series of 

sails with alkalies. For example. 


CH2COOK 


CHXOOK. 


I 


C(OH)COOH 


C(OH)COOH 

1 


CH..COOK 

! 

C(OH)COOK 
I 


CH^COOH 

Mono -pot. citrate 


CH..COOK 

m 

Tri-pot. citrate 


CHXOOK 

Mono-poi. cmuic Di'pot. citrate 

Similarly, with alcohols, say ethyl alcohol, it forms mono, di and 

tricthyi citrates. , , . ■ 

n\ On treatment with acetyl chloride, it gives monoaceiyl denvatne, 

showing the presence of one hydroxyl group. 
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OPTICAL ACTIVITY 


(3) 

acid. 


CHoCOOH 
I 

C(OHjCOOH + CH 3 COCI 

I Acetyl chloride 

CH.COOH 

Citric acid 

On heating with hydriodic acid, 


CHoCOOH 

I 

C(0.C0CH3)C00H - HCl 


CH.COOH 


C(OH)COOH 

I 

CH.COOH 

Citric acid 


2H[ 


CHoCOOH 

Acetyl citric acid 

it is reduced to tricarballylic 

CH.COOH 

I 

CH.COOH - H..0 ^ I-> 

1 

CH.COOH 



Tricarballylic acid 


(4) On heating with concentrated suiphuri: acid, it decomposes to 

give acef(>ne dicarboxyHc acid. 

CH.COOH 


C(OH)COOH 


CH.COOH 

Citric acid 


uttsaiwoiid acid. 


H:.SO^ 

CH..COOH 

1 




CO CO 

: H.O 

Heat 

1 

I50^ it 

CH-COOH 

Accionc dicarboxslic acid 

loses u molecule of water 

giving an 


CH.COOH 

C\OHlC( lOll 

Heat 

CH.COOH 

|i 

C.COOH 

(. H COOII 
t itne a.;id 

150' 

I 

CH,,COOH 

•Aconitic acid 


H..0 


i \ 


S ‘ 


V. * 


I SOS. ( nric acid used as a mordant in d>eing and calico printing. 
U i‘- ii-^cu in i!u' picparaiion ot clTcrvescent saline along with sodium 
hkai hpiMte. Iin saps are used in medicine, and for making blue prints. 

(>! (KM. UTI\UV. POL \UiS \TION OF 1 IClir 

li_ orJinar\ light is made to pass through a Nicol prism, it 

i ' "v-:''>.ari:cd. that the aether vibrations in the emergent ray take 

. Tl-.e \icol prism is called the }\'Ui>izcr. Now if 
''■ism 1' pLieed in the path of the emergent beam with its 
' 1 ^ V..L' lii^t ipolari/er), the liehi rem.iins \ isible but if 
'vlis i ■ that of the first, no liglu will get through and 
ill oe dark. If a glass cell containi:-g "water is 'placed 
a /'i X'C.'I prisms (with their a.se. .it neht angles to each 
<•1 VMim still remains oark but if. iiisread o! 'water, some 
.1 solution of cane-sugar is placed in the cell, the 
•' lied up and (he second prism will have lobe rotated 
^ --lain.inde lor ‘exlinclioir of the light. This shows that 
‘I!'- pu-' l<‘I,iri:cd Ihglii has been rotaicd ihroagh a cenain angle The 


Ma.C i 

.1 sec ' ( 

i 

II 

O',.' liJ,! 

i '-'' 

■ tie.'.' 
tn: , e;.' 


: I 


1 1 


' 1 1 


inr^'U'. 
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substances which cause rotation of the plane of polar.zed hght are sa.d 
to be optically active. uft An ooiically active 

subsrcet‘tred7e'^.t~^^ U c-es rotation to the r.ght and 

rr“;“hrsuSf^,:'’con^::ncl;t\'’sohn;.;::i^ and .he wave-leng.h of 

the incident light. 

Thus, rouiion R. may be given by the equation . 

R ^ [ot] \ ' — T 

rhc";e!^M‘o^hC"opti::atl;%?lir:ub"^ 

.s a constant 

specific rotation may be expressed ‘‘s ■ ^ ^ 

Tin ..If 

Thus, the specific comains / of ilu- 

.tucful,elU-lu parses is I 

decimcicr. »' _ L .,„a 

If the .active subst.ance is used as such, then — ^ 

R_ 

*'“K2suhsunceufn?l'hor."he;onc^ nuM bCalc.n into account and 

the expression may be put as ^ 

“ i T~ 

u • ihp number of grams of ths subst.incc in 100 mt. ol the solution. 

Nvhere c is the ° ~ ,, hk* instrument u,cd for me.asiinng the angle 

Measurement of Rou ory I otttr. n Polarimcier. It consists 

of rotation of the plane ‘‘6*“ insirumciU. The hrst 

essentially of two Nicol prisms rnounted^^^^J^^^^^ ^bout the 

prism called polarizer is an optically active liquid (or a solution of 

axis of the instrument A tub^ conu^^^^ ^ the light between the two 

“N"S;rT^hc1e:g% o^r/mbe detiV;. vary'^ne fron, 5 cn., .o 2> cm. (See 

Fig. 1 . for a diagrammatic skewh). ^ sodium light) is passed through the 

A beam of on liquid. The light gets polarized by the 

instrument Vill on iSrsicond which is rotated gradually so as to cut out the 

Njcoytjjd thcn^f^^^ scale is taken at this stage. It corresponds to 

“The" "ube containing the liquid is then inserted. On looking through the 


(aU = 




POLARIZER TUBE ANALYSER 

Fig. 1> Principle of Polarimelcr. 
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OPTICAL ACTIVITY AND CHEMICAL CONSTITUTION 


polarimeter, the held will appear bright since the optically active substance has 
rotated (he plane of polarized light through a certain angle. The analyser is turn^ 
towards the right or left as may be required so as to get complete darkness again. 
The reading of the scale is taken. The difference between this and the first reading 
gives the required angle of rotation. 

Optical Activity and Chemical Constitution. 

It is found, in general, that optically active organic compounds consist 
of molecules which have at least one asymmetric carbon atom, that is, a 
carbon atom to which four different atoms (or groups) are attached. 
Lactic acid, for instance, contains one and tartaric acid contains two such 
carbon atoms (marked with asterisks) as shown below : 


CH3 

I 

H-C*— OH 


H 

1 

HO— C*— COOH 


COOH 


Lactic acid 


HO— C*— COOH 

! 

H 

Tartaric acid 


Van't Hoff and Le Bel explained the connection between optical acti- 
vity and molecular asymmeriy and laid the foundation of the science of 
stereochemistry. According to them the four valencies 
of a carbon atom are directed in different planes 
towards the four corners of a regular tetrahedron, the / 
carbon atom itself lying at the centre as shown in ^ 

Fig. 2. 

When the four groups are all different, as in lactic 
acid, it can be shown by models that there are two Fig. 2. Tcira* 
ways of arranging the groups about the central carbon 
atom as represented in Fig 3. 

The two molecules, obviously, are exact mirror images of each 
other :in6 cannot be superposed upon each other. If one form is the 
dextro-rotatory, the other should be laevo-roiatory. 

An equimolecular mixture of the two is known as the racemic form. 
This is optically inactive but can be resolved into the two active forms. 

The dextro. laevo and racemic forms differ only in optica! activity^ 
They are almost identical in all other respects. 




Fig. 3. Spatial configurations of lactic acids. 
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1 How is chloro-acetic acid prepared ? Describe us .mportant properi. 

oive.bemeihcds Tor Ibe prepara.on of slydne. Describe irs ..pc 
properties and uses. nrenared Show that it behaves both as an 

1. is 3" ... s.. .. 

i, betvSTo 7 h is' an a/id and a its .mponan, properties and 

nses.^' recnica. prodncon oHaenc aoid. How 

»— «• ..» ».) oi,»u,. ..a »« 

... :: 

10. What is meant by optical actis.ty ^ iPanJab Inter 1961) 

(P, Eapiain. with one exan.p.e. what is ntean, by opncai .somer.sm^ 

. write iUustrative bnt brier note on opt.ea. or ™ 

. .• may be produced from prop.onie acid and 

“> 

'h^w “c'aiThe ac^" biTy^hes^d frojn i^ p,„,cin‘sT Wha't'i's their 

-„ar ?' ^^-aration and properties ot ^ 

ISfrE 

'it" write a short note on optieal aetivity. 
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CHAPTER XXXIX 
OILS, FATS AND SOAPS 


Oils and Fats. Oils and fats are the triesters of glycerol with various 

long Cham organic acids, both saturated and unsaturated. These triesters 
are usually known as glycerides. 

Oils are liquids at ordinary temperatures while fats are solids. The 

^ proportion of unsaturated acids, 
such as oleic acid, Ci-Ha^^COOH ; Iinoleic acid Cj 7 H 3 ,COOH, etc., while 

irfrff contain a larger proportion of saturated 

flcids such as lauric acid, CuHo^COOH i mvristic acid O H POOH • 

palmitic acid, CjsHjiCOOH and slrcaric acid,’Ci,H.aCOOH. ** ” 

acid radical present in 
'he glyceride containing stearic acid radical is called 

name^s rrr,» 


CH..0.0C.C„H35 

CH.O.OC.CijH,. 


CH,.O.OCCi5H3, 


CH..0.0C,C.;H.3 

Stearin or tristeario 


CH.O.OC.Ct.H 

I 




CHo.p.OC C.sHa, 

, , Palmitin or iripalmitin 

present in the same glyceride. 

Trp ctf r glycerides. The naturally occurring oils and fats 

are generally mixtures of such ‘mixed glycerides’. Fnr i 

CHo.O.OC.C,-H33 CHo O.OC.QjHa, 


I 


For instance, 

CK...0.0C.C3,H36 
I 


CH.O.OC.CjsHai CH.O.OC.C^.Has CH.O.OC.Ci^H., 


CH, OOC C,7H35 
Olcopalmito-siearin 


CHo.O.OCQsHs: 
Stearo-dipalmitin 


CHo O.OC CkH33 

Palmito-distearin ^sv«v^u.i,a..uuui 

Occurrence and Extraction. Oils and fats are widely distributed in 

animal kingdom, in plants, they are found chiefly in 
seeds while m animals, they are present under the skin and in muscles.^ 

<^nimals, the fat is obtained by the process known as rendering 

/hln h animal tissues containing the fat are chopped off and 

Mt mi water or steam. The fat melts and forms a se%raie layer 

at the top from where it is removed from time to time. ^ ^ 
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OILS, FATS AND SOAPS 

the Oik are Obtained in the following 

(1) Cold compressins. '"’Thi's “i^es the be°l Tr^de oil. 

and pressed further. This gives second grade oil. 

(3) Extraction by solvent. The “ s^uch^'as petrokum vMher, 

crushed and c-'^racted with orpmc solvents ^ quantity of the oil. 
benzene, carbon tetrachloride, to obtain a further ^ 

Refining. The crude oil or f 3 l”q‘''qqaeulates anv colloidal 

alkali to neutralise ‘‘’.J J bl“acl ed bv w^rminc with animal 

p^ler 0^:1 l FXr^"a«h and deodorised by treatment 

pS^al Properties. Oils and 

Upon prevailing temperatures) haMii^ 'Vh-v are freelv soluble in organic 
lighter than and immiscible in water. ' ^ic The I'als con- 

solvcnts such as petroleum such as steanc 

laining a larger proporuon of high ^ temperatures while 

“SSIrIf s"=;: 

Chemical Properties. Oils and °„(les, the unsaturated 

the usual reactions oi this cl.iss o P | ctliylcnic linkaucs and hence 

acids (e g., oleic acid) p.csent ‘^'''^“q^’lS^bons. Two important 

the oils /,i HydrnhsistvnA(ii) Ilydrogcttattott. 

reactions ol oils and fa^ arc ()> • hvdrolvsed on healing with 

S..ccro. andtree 

organic acids. 

R.COOH 

♦ * ♦ 

R'.COOK 
r".COOH 

Fatt> acids 

Oil or fat 

saponification //„„;</ glycerides containing unsaturated acids 

(2) Hydrogenation. The presence of iincly 

(oleic acid, Imoleic a^id, unsaturated oleic acid r:idical 

divided nickel giving radical as a result ot which the 

Sing poin .‘of theCd S^ceride rises and hence it hardens to become 
a solid. For example, 


OCR 

1 

HO H 

CH.OH 

I 

-> CHOH 

I 

O.CR' 

i 

% 

HO H - 

OC R" 

> 

f 

HOH 

CH.OH 

1 ^ « k V A 1 
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MANUFACTURE OF SOAP 


CH2.0.0C.C„H,3 

He 

CHa O.OC.C^Hss 

1 

CH.O.OC.C^Has 

1 

CH.0.0C.C,7H33 

► 

1 

Ni, 180^ 

CHj.O.OC.CpHaa 
Triolein (m.p. — 17“) 


ch2.o.(x:.c„H36 

Tristearin (m.p. 60®) 


This process of convertino glycerides (generally oils) into solid 

ones ( fats) by hydrogen is kiionn as bydroEenation or bardeDing of oils. 

^ ef^eiable ghee is prepzTed from linseed oils and ground-nut oil by this 
process. 


UNUSED Hi 



F-it;. 1. ll>Jroccnalion of oils. 


A simple type of hydrogenator is 
shown in Fig. 1. It consists of a 
vertical iron tank provided with closed 
steam coils for heating purposes. The 
oil is taken in the tank and mixed with 
a suitable amount of the nickel catalyst. 
It is then heated by passing steam 
through the steam coil and hydrogen gas 
is admitted from below. The unused 
hydrogen escaping at the top is collected 
and used again. The oil is kept in cir^ 
culation with the help of a pump as 
shown. 

The reaction is exothermic and as a 
result the temperature rises automatically. 
The conditions are so adjusted that the 
temperature is maintained at the optimum 
level of 180*. Hydrogenation is continued 
till the desired consistency is reached. 
The molten fat is then taken out and 
filtered in the filter press to eliminate the 
nickel catalyst. The resulting product is 
a colourless solid resembling ghee and is 
usually known as *vaoaspatl gbec’. 


SOAPS 

Soap> arc ini aure^. of sodium or potassium salts of higher fatty acids 
such ;is sicaric acid,^ palmitic acid, oleic acid. They are usually obtained 
by ilic hydrolysis di oils and fats with sodium or potassium hydroxide. 
I i'T csaniplc. 


('H ..O. OC.CijH .,1 Nap H 
( H,0. UC.Cj.Ha, r NaO H 
<TI,.0.0CQ,H,5 NaOH 

Dipalmito-steariD 
(oil or fat) 


CHPH 2C,sH3,COONa 
I Sod. palmitate 

CHOH -f (soap) 

1 

CHPH CpHj^COONa 

Glycerol Sod. stearate 

(soap) 
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r.ss~3t:s;:s?= 

creams, vanishing creams, shampoos, etc., are all potassium ^oap _ 
Manufacture of Soap. The following are the common processes 

the manufacture of soap. .. . 

1 TI,« rniH Process In this process, the molten fat or oil is mixea 

with the required amount of so* lye tiU the soap 

b^:rns'’to"set^“ At'^rtute. U C transferred to frames and allowed to 

solidify there. The solid soap is cut into bars or cakes, arieo p 

‘"%'TbeVotP™ci7s"Xs the name implies, this process consists in 
carrying om tt^oVi^ of the oil or fat at high temperatures. A 

diagrammatic sketch of the plant is shown m Fig. 2. 



Fig 2 Manufacture of soap by hot process 

Fn a state of good agitation throughout During this treatment, about 80 
per cent of the soap stock gets converted into soap. 

The contents of the kettle are then heated by closed steam coils and 
inecyiucu .. -jjgj to It Due to the common ion efTect, 

?hrsoa°p is°thr^wn out of the solution and rises to the top of the liquid in 
\hl form of a curdy mass. The lower aqueous layer (spent lye) containing 
glyceroTifrun off and treated for the recovery of glycerol, (see chapter 

XXXII) 

T'U rt^rovered from the solution is boiled with water to remove 

The soap r rising to the top is transferred to the 

any u^ip of a^pump as shown. Here it is mixed with a requi- 

sKc ^yc^n^^ also with a filling agent, such as sodium silicate. 



QUESTIONS 



talc starch. bora\. etc., and thorouahly stirred with the help of a mechani- 
cal stirrer. The crutcher is provided with a steam jacket in order. to avoid 
the cooling and solidification of soap during crutching. 

The soap is then drawn out in the frames and allowed to solidify. It 
is dried by hot air. milled and finally stamped into cakes. 

The hot process is more economical than the cold process and yields 
a pure product because all impurities and excess of alkali are completely 
removed. Besides, gl>cerol, an important by-product, can also be recovered 
in thi> process. 


V 1 ho Iitncr s Continuous Process. This has been developed recently and is 
celtmo very pipular. In this process, a rapid hydrolysis of oils or fats is carried out 
hv '.uperheated wat^r. under pressure, in the presence of a catalvst (lime or zinc 
i>\ide). .Advnnfa'rc is taken of ihc fact that suporheaiod v.-atcr and fat arc appreciably 
miscible \viih each othc*. The oil or fat is fed into a vertical cvlindrical vessel near 
He h.'i'C and the v^.'tier k .idmitted trom the lop. The water, bcinc heavier, moves 
tinv.n while iIh’ O il or r.it bemo lighter, moves up. The water dissolves in the fat 
and reacts wrh ii ei\ inn elvccrol an. 1 free fatty acids. The latter, bcinc liphter. rise 
to tile top anvi .oc removed The aeiucpus solution coniaininc glycerol, bcinc heavier, 
volIec«s at ihc base. Tlie ta't;. ac.ds obfaincil .ire converted into soaps bv interaction 
v iih a cilcul.itcd amount ot alkali. Ihcaoiieous solution (suect uaicr) is treated 
tor the rtxovery of glvcerol. 

1 he livdro • '.is ,si till. }.|| j«; lapiij -mj q 'rnplete and the process is continuous. 

OTESTIONS 

1. h.ti .irc oil' and lais What is tlic mam difTercnce bcwcen them ? Describe 
^■'ncll\ ii,e <\.urrencc. cMraviiim and rctinim.’ of oils rrd fats. 

W ti \t .!o ’ o'i un.i Tst ind b> ''Hardening of Oils’ ? Describe in detail a process 
for me o: i the li.irdcning of oil;. 

^ W'h I IS iiK.int bv Iv-droccnation of oils? Describe the preparation of 
vccct.iblc i:hcc from nrour.imu oii. 

4. \S'!iat art •'caps .’ F’^.-ii.b.' the hot process for the manufacture of soap. 

l a; ..rt (' U. r.i;> .ind so.ips ? Describe the modern continuous process for 
•'Oap h.it ..ic I'lc advaiu-icev of this process ? 

^ '< d I c' is t-i'lc.i a 'fat* .ind ‘'arson oil an oil. Chemicallv. what are they? 

t c t lie iMiuc' .ino .rmulac of at i-.a't four of the constituents that mainly combine 
i.'pct.K' to iVinlik.- 'l.H'' .and oils. Ikrcc. explain the dilTcrcnce. if any. between 
till' f\c, hv’w .in Oil c.in be convened into a fat. (Paniab Inter. 1^54) 

i'' 'lin ruish bctwci n ti I miner.il oils and vepeiablc oils {//) oils and fats. 
\\ ''ll! “V .r.i'p.ui” or t!ic .'O-^.iKed ‘‘VecLiable chee’ ? How i.s it obtained conim- 

cr.M’b 

1. t IS Ihc anu'i) I'f alla.lics on oils and fats ? iPaniah Inter 1952) 

'. hat arc oiU and i.its .mil how do they ditfer from mineral oils? What are 
i..' If u C' .’ Dc'crii'c tK pro,. f.>i ihe manulaciurc of soap and explain iiscleansinc 

.1 ^ 1 1 i II I . 
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THE ALIPHATIC AMINES 


The amines can be regarded as derivatives ol ammonia, tn which 
on- or more hydrogen atoms have been replaced by alkyl groups. Thus, 
CH.NH, (CHJoNH and are all derivatives ol ammonia 

obtained by replacement of one. two or three hydrogen atoms by alks! 
oroups as shown by their structural relationship : 


H 

H 

1 

H— N 

1 

1 

CH,-N 

1 

1 

H 

1 

H 


CM, 

CH,-N 


CH3 

I 

CH,-N 


H 


Ammonia 


CH3 

Trimethylamine 


Dimelhylaminc 

The amines are classified as primary, secondary or rerr/orv denending 
iiicamiuv hvdrocen atoms ol ammonia 

rieJletrrr^ acc'rbr.h" samc'llber oF alky, groups, In o, her 
the%nLl formuh secondary and tertiary amines 

are RNH.. R-.NH and R3N respectively. 

Besides amines, which arc derivatives of ammonia, ui^aicrnary 

LVyI ‘groups'!’Vrr;.so^ k^vn. Thus, corresponding u, ammonium 
hyd^roxldc there is tetra-aikyi ammonium hydroxide. 

(R iN] ^OH 

Tclra-alkyl umnioniuni hydroxide 

The amines arc important organic bases. 

v^mmclature Amines are named after the alkyl group or groups 
attached to the nitrogen atom, by adding the suffix ‘amine in each case. 


[H,N]^ OH 

Ammonium hydroxide 


For example, 

CH.NH, 
Muhyl amine 


C.HiNH, 
Btbyl amine 


CH;,. 

CliNH-. 

CH/ 

Isopropyl amine 


487 


488 


METHODS OF PREPARATION 


CH 


3\ 


NH 

cm/ 

Dimethyl amiae 
CH3-N 

ch/ 

Trimcthyl amine 


QHsv 

)NH 

C^h/ 

Diethyl amine 
CHr^ 
C2H5-N 

Methyl diethyl amine 


CH,. 

>NH 

C3H/ 

Methyl propyl amine 


CH, 


\ 


CH,-N 


2115 
C3H, 


Methyl ethyl propylamine 


The I U C system looks upon amines as amino-derivatives of corres- 
ponding alkanes and are named after the parent hydrocarbon the 
position of the amino group being indicated by a suitable number. Ihus, 

CH3.CH2.NH2 is amino-ethane 

CH3.CH.CH, is 2-amino-propane 

1 

NH., 


CH3.CH2.CH2.NH2 is 1-amino-propane 


Methods of Preparation. The various methods for the preparation of 
amines can be studied under the following heads : 


(aj Methods yielding mixture of amines. 

(1) Hofmann's method (1850). By heating an alkyl halide with an 
alcoholic solution of ammonia in a sealed tube at 100°, a mixture of all the 
♦hree types of amines, along with some quaternary sail is obtained. 


For example, with ethyl iodide, we have : 


C2H3I 

NH3 — 

CoH^NHa 
Ethyl amine 

C..H-.NH.. -r 

C2H31 — 

(C2H3)2NH 

Diclbyl amine 


CM,\ — 

^ (C2H3),N 

Trietbyl amine 




(CJI-XN 


CnH-.l 




(C2H3); NI 

Teiraeihyl ammonium 
iodide 


HI 

HI 

HI 


(2) By amnionolysis of alcohols. By passing a mixture of the vapour 
of alcohol and ammonia over healed alumina or thoria (360°), all the 
three types of amines are obtained. 

AI2O3 

R OH H NH., — > R.NH, -f- H,0 

360 * 

AUO3 

R.NH : H.O 

(360°) 


R.NH H HO R 
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AI2O3 

R,N H + HOR R3N -f H ,0 

The mixture of amines obtained by either of the above methods can 
be separated, as described on page 493. 

(b) Methods yielding primary amines. 

(1) By the reduction of nilro-paraffios. Nitro paraffins, when reduced 
with nascent hydrogen, yield primary amines. 

The nascent hydrogen is produced either by the action of sodium on 
alcohol or from tin and hydrochloric acid. 



R.NHs -r 2H2O (ex.) 

Primary 

amioe 




f 6 H 


C2H5.NH2 -i- 2H,0 

Ethyl amine 


Nitrolhane 


A « # ^ ^ 

The reduction can also be carried out by hydrogen in the presence 
of nickeK 


C,H,,N0.. + 3H. 

Nitroelhane , . .. v xt 

(2) By the reduction of acid nitriles (alkyl of tdes). Natcont 
hydrogen from sodium and alcohol reduces an alkyl cyan.de to the 

primary amine. 

R-C=N+4H — RCH.NH, 

Na/C2HcOH 

_C=N + 4H — CH:,.CH2.NH2 

e-S'* Ethyl amine 

Methyl cyanide ' 

This reaction, is called Mendius reaction.* 

131 By the reduction of oximes. With zinc dust and acetic acid or 
with sodium and alcohol, an oxime is reduced to a primary amine 
O rH=NOH + 4H R.CH2.NH.. r H.O fg.J 

■ Primary amine 

Aldoxime 


2H..0 


"\c = NOH -- 4H 
r 

Ketoxime 


">CH.NH2 -r H2O (g.J 
Primary amine 


^ have shown that when reduction of cyanides is earned 

, 0/ J.nety d.nJat nickd. the resul.mg producl ,s a 

^condarj anune and not a primary amme. 
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CH3.CH=N0H H- 4H 

Aceialdoxime 


CH3.CH2.NH2 4 - HaO 

Ethyiamioe 

(4) By the hydrolysis of alkyl isocyanates. An alkyl isocyanate, on 
boiling with an alkali, yields a primary amine. 

R_N=C=0 ; 2KOH — ^ R.NH. + K 3 CO 3 

AlV.yl isoyanate 

c H-N=C=0 r^KOH — C 2 H 5 NH 2 -h K 2 CO 3 
Etiiy I isocyanate Ethyl amine 

This method was first employed by Wurtz (1849). 

(5) By the hydrolysis of alky] isocyanides. On boiling with a dilute 
mineral acid, an alkyl isocyanide yields a primary amine and formic acid. 


HCI 

R-N -C 2H.,0 — ► R.NH 3 T HCOOH 

C.llvN^C ■ 2HX) — ► C,H-,NH 2 HCOOH 

Ethyl amine Formic acid 

Ethyl isocyanide 

(h) By treatment of the corresponding amide with bromine and alkali. 
An acid amide, when treated with bromine and aqueous or alcoholic 
potash (or with sodium hypobromite or sodium hypochlorite), yields a 
primary amine. 

RCONH. Br. - 4KOH 

¥ ^ 

Amide 

C,H,C()NH.,-Br2 4KOH 

I’liipionamidc 


R.NH., - 2KBr-2li.O -K.COa 

Prinurv 

4 

amioc 

C,H,NH.. 2KBrT-2HaO~K,CO, 

Ethvi amine 


The above reaetion is called Hofmann’.s broinamide or hypohromite 
reaction (1>'49) and is by lar the most important method emploxed for 
the prcp iiMtion of primary amines. 


^IcolKlni^m of Uormnnii’s l•^om;ltllide reaction. This reaction is supposed to take 
in li e lollov.ini; i.ikmy conversion ol .icct.imidc into meth>l amine as an 
illusiruiion. 


O l TIk- aciJ amide is first brominated. 
1 1 

ROM 

1- Br,. — ^ 

\cctumidc 


O 

n 

CH—C-NHBr + RBr 4 HoO 
Bromo.icctjmidc 


[in 1 Iv. bromoaceiamidc then reacts with potassium hsdroxide to form a potas- 
viii '1 sail, which is ionic. 


O 


(•R,_C— MIBr - ROH 



O 

U /K 

CH i-C-N/ + H O 
NBf 


or 


O 

II _ + 

CH^— C-N— Ur] R T H.>0 
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(iw) The potassium salt of accto-bromamide is unstable, loses KBr molecule and 
the rest of the molecule (CHa-C-NO undergoes intramolecular reafrangement 
forming isocyanate. ^ 

_ + — KBr ' Rearrangement 

[CHa-C-N-Br]K — *• CH;,-C-N< — CH3-N=C=0 

II 0 Me(hyl jsocyaoaie 

o O 

(iV) The methyl isocyanate gels hydrolysed with alkali to give the primary 
amine. * 


CHa— N = 
H 
H 


c=o 

OK 

OK 


CHaNH* -i KjCO;, 
Methyl amine 


Hence, the overall equation is : 

CHaCONHg + Br, + 4KOH — >■ CH3NH2 + K2C03 + 2KBr + ZHjO 

U is evident that the amine obtained contains one carbon atom less 
than the amide, hence this reaction is made use ot in descending a homo- 

logous series. .. ... , j u • 

7. By the hydrolysis of alkyl phtbalimide with mineral acids (Gabriel s 

pbtbalimide reaction). In this method phihalimide is treated with alcoho- 
lic potash to yield potassium phihalimide which with an alkyl halide gives 
N-alkyl derivative. This N-alkyl-phihalimide on boiling with a dilute 
mineral acid yields a primary amine. 



Hydrolysis 

HCI 


0 -COOH 
-COOH 


R.NHg 

Primary 

amine 


Alkyl phtbalimide 


Phthalic acid 


e.g. 


HO— H 

, N.C.H 

^ —CO/ 

HO— H 


Hydrolysis 
■ HCI 


Ethyl phihalimide 


0 -COOH 
-COOH 

Phthalic acid 


+ CgHsNH. 
Etbyiaraioe 


(c) Methods yielding secondary amines. 

(1) By heating an alcoholic solution of primary amine with a calcu 

lated quantity of alkyl halide. 

R.NH H ' I R — + HI 

Secondary amine 


C.H-NH H 1 C.Hs — (C2H5)2NH -f 

Ethyl amine L.byl iodide Diethylamine 

Tertiary amine and quaternary salts are also formed 


HI 

alongwith. 



METHODS OF PREPARATION 



<^_N(CH3)2 


Hydrolysis 



KOH 


p-Nitroso-dimethylaniline 


ON— 

fi I-OK + (CHj) 2NH 

/7-Nitroso phenol Dimethyl 

(Pot. sail) amine 


(3) By the reduction of alkyl isocyanide (or isonitrile) with nascent 
hydrogen. The method yields a secondary amine in which one of the 
alkyl groups is a methyl group. 

R-N^C + 4H — ► RH.N.CH3 


For example, 

CHa-Nr^C + 4H — CH3NH.CH3 
Methyl isonitrile Dimeihylamine 

(cl) Methods yielding tertiary amines. 

(I) By the hydrolysis of the corresponding quaternary ammonium 
halide with moist silver oxide, followed by strong heating. A quaternary 
ammonium iodide when treated with moist silver oxide torms a tetra*alkyl 
ammonium hydroxide (quaternary ammonium hydro.\ide) which on heat- 
ing decomposes to yield a tertiary amine and an alcohol. 

R^N I 4. Ag OH — R4N.OH + Agl 

Quaternary Quaternary 

ammonium iodide ammonium hydroxide 

Heat 

R4N.OH ► R3N + ROH 

Tertiary Alcohol 

amine 

4- AgOH — (CH 3)4N.0H + Agl 

1 criranielhyl Tctrameihyl 

amm. iodide amm. hydroxide 

Heat 

(CHal^.NOH — (CHalaN -h CH3OH 

Trimethyl 

amine 



f 

t 

t 
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( 2 ) By treating a primary or 
quantity of alkyi halide. 

RNH2 + 2RI 

R2NH + RI 

e.g., CH3NH2 + 2CH3I 
(CH3)aNH + CH 3 I 


a secondary amine with a calculated 

R3N -r 2HI 
R3N ^ HI 
(CH3)3N + 2HI 
(CH3)3N + HI 


( For obvious reasons, this method seldom yields a pure product. 
Separation of a Mixture of Amines 

I It has already been mentioned that by Hofmann’s method or by the 
ammonolysis of alcohols invariably a mixture of primary, secondary and 

tertiary amines along with some quaternary compound is formed. Their 

separation is effected in the following manner. 

The mixture of the amines, along with the quaternary salt is distilled 
with potassium hydroxide. The three amines (primary, secondary and 
tertiary) distil over, leaving behind the non-volatile quaternary salt The 
mixture of the three amines obtained in the distillate is separated into its 
constituents by either of the two methods discussed below : 

( 1 ) Hofmann’s Method. The mixture of primary, secondrv and 
tertiary amines is treated with diethyl oxalate, when the three amines 
react differently, as given below : 

The primary amine forms a substituted amide (crystalline solid). 


CO OQHj 
CO OC2H5 

Diethyl oxalate 


+ 


H NHR 


H NHR 


CONHR 

I + 2C2H5OH 

CONHR 
Substihitcd oxamidc 
(Solid) 


The secondary amine forms a dialkyl oxamic ester (liquid). 


COOC2H5 4- H NR2 

I 

COOC^Hfi 


CO.NR, 


COOC2H5 
Oialkyl oxamic ester 
(Liquid) 


f- C.H,OH 


The ferfiary amine, not containing a replaceable hydrogen 

atom, docs not react at all. 

The mixture containing the substituted oxamide, oxamic ester, and 
unreacted tertiary amine is distilled, when the tertiary amine, being most 
! volaltile, distils over and is obtained in the distillate. The residual mixture 
I in the distillation flask contains substituted oxamide (solid) and o.xumic 
ester (liquid), and the two can be separated by simple filtration. The 
oxamide and oxamic ester are treated separately with strong alkali to 
fcgenerate the corresponding amines. 


494 


SEPARATION OF MIXTURES OF AMINES 


CONHR HOK 

COOK 

! + — 

► 1 

CONHR HOK 

COOK 

Substituted 
oxamide (solid) 

Pot. oxalate 

co;nr. + hok 

COOK 

j 

1 

CO0C2H5 + 

A 

COOK 

Pot. oxalate 


Oxamic ester 
(liquidj 


+ 2R.NH2 
Primary amioe 


+ QH5OH + RjNH 

Secondary 

amine 


(2) Hinsberg's Method. This is a better method for the separation of 
amines. 


(i) The mixture of primary, secondary and tertiary amines is treated 
with benzene sulphonyl chloride. CjHsSOjCI (Hinsberg’s reagent), when 
the following reactions take place : 


A primary amine reacts to form a snlphonamide, which is soluble in 
alkali. 


-HCI KOH 

C„Hr,SO.CI r RNH. — ► CjHsSOjNH.R — ► C,H.SO,NK.R 

Mono alkyl benzene — HaO Potassium salt 

sulphonamide (soluble) 

A secondary amine reacts to give a sulphonamide which is insoluble in 
alkali (as the sulphonamide does not contain a replaceable hydrogen 
attached to nitrogen). 

C„H,S0X1 -f R.,NH — ► QH^SOaNRa + HCI 

Dialkyl benzene 
sulphonamide 
(insoluble) 

A tertiary amine does not react at all. 

(it) After interaction with benzene sulphonyl chloride,' the reaction 
mixture is treated with a 5% solution of potassium hydroxide and shaken 
with ether The unreacted tertiary amine and the dialkyl benzene 
sulphonamide go into the ether layer whereas monoalkyl benzene 

sulphonamide remains in the aqueous layer in the form of its potassium 

salt The two layers are separated. 

(Hi) The aqueous layer is treated with excess of hydrochloric acid 
when the potassium salt of the sulphonamide is decomposed giving the i 

CeHsSOaNH.R + KCl 
CSSOiCi + RNHj.HCI 

Primary amine 
hydrochloride 


iivui uciiiui luc oj primary amine. 

C.H.SO^NK.R - HCI 
C,ll,SO,NHR 2HCJ 
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The hydrochloride is distilled with potassium hydroxide to recover 
the free primary amine. 

RNHj.HCl + KOH — ► RNH, -i KCl ; H^O 

Primary 

amine 

Hv) The ethereal layer is distilled when the unreacted tertiary amine 
distils over along with ether. 

The residue is treated with excess of hydrochloric acid when the 
dialkyl benzene sulphonamide is decomposed to give the hydrochloride of 
the secondary amine, 

CeHsSOaNRj 2HCI — C«H,SO,Ci : RaNH.HCI 

Hydrochloride ol 
secondary amine 

The hydrochloride is distilled with potassium h>droxide to liberate 
the free secondary amine. 

RgNH.HCI + KOH — » R.NH - KCl r H^O 

Secondary 

amine 

fv) The ethereal solution of tertiary amine obtained above is 
fractionally distilled to separate the tertiary amine. 

It is worth mentioning that now-a-daysp-toluene sulphonyl chloride 
is used in place of benzene sulpLonjl chloride as it works belter. 

(3) Very recently, sci'aration of amines by fractional distillation lias 
been tried. Using highly eflicitht equipment, it has been possible to 
separate the three amines on a commercial scale. 

Physical Properties. The lower members are gases with a fish-likc 
ammoniacal odour which van'shes in higher members. The higher 
members are liquids and still higher ones arc solids. 

The lower members are soluble in water, but the solubility dccrca^es 
with increase in molecular weight. The aqueous solutions of amines are 
strongly alkaline to litmus and conduct electricity. 

Chemical Properties. (I) Basic character. Amines are strongly basic 
in character. When dissolved in water theyfurtiish hydroxyl ions. 

RNH, i H.O RNH3.OH f=i [R.NH3]+ ! OH 

Monoalkyl ammonium 
hydroxide 

R,NH -f H ,0 Fi [RaNHjiOH ?=i [RaNH,]+ -i- OH- 

Diulkyl ammonium 
hydroxide 
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R,N -f- H,0 


[RsNHjOH 

Trialkyl ammonium 
hydroxide 


fR 3 NHI+ + OH- 


They form salts with acids : 
RNH, + HCI 

Primary 

amine 


RoNH 

Secondary 

amine 


R3N -f 
Tertiary 
amine 


HCI 


HCI 


R.NH 2 .HCI or [R.NHjj+Cr 

Primary amine 
hydrochloride 

RaNH.HCI or [R 2 NH 2 ]+CI- 

Sicondary amine 
hydrochloride 

R 3 N.HCI or [RaNHl+.Cr 
Tertiary amine 
hydrochloride 


crystalline in nature, soluble in water and resemble 
ine corresponding ammonium salts. 

Amines form double salts with platinic chloride, PtCI,. 


R.NH. + 2HCI -f- PtCI, 


(R.NHa)a.HoPtC'G 
Amine chloroplatinate 


m V JS* or chloroplaiinates decompose on strong ignition 

the^Sf-rnin determining 
the molecular weight of organic bases (see chapter XXIJ. 

Carbylamine reaction. When warmed with chloroform and 
o.,ru ? Poiassium hydroxide, a primary amine forms an isocyanide or 

carbylamine which can be characterised by a highly unpleasant odour. 


2RNH, -f- CHCI 3 -r 3KOH 


eg., C3H,NH.-J-CHCl3-i-3KOH 
Ethyl amine 


R-NC + 3KC1 t- 3H„0 

Alkyl isocyanide or 
carbylamine 

aHj.NC + 3KCI + 3H.0 
Ethyl isocyanide 


*'®''‘*®** secondary or tertiary 

nary salt^'^ Thus ^ ^ Anally form the corresponding quater- 


RNHj 

Primar)' 

amine 


RI 

HI 


R.>NH 

Secondary 

amine 


RI 

— ^ R 3 N 

— HI Tertiary 
amine 


RI 


R«NI 

Quaternary 
ammonium iodide 


(4) Acjiation. Primary and secondary amines fbut not tertiarv 
amines) react with acid chlorides or acid anhydrides, giving substituted 
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RNH H 4 Cl OCCH3 

Acctvl chloride 

R.NH H -i-CHa. CO.O OC.CH3 

Aceiic anh>dridc 

RoN H - Cl OC.CH:, ■ 


RNH.OC.CH3 HCI 

Alkyl acetamide 

RNH.OC.CH, ^ CH.COOH 

Alkyl acetamide 

R.N OC.CH3 - HCI 

Dialkyl acetamide 


Tertiary amines do not contain any replaceable hydrogen and, there* 
fore, do not react. 

(5) Reaction with nitrous acid. Primary, secondary and tertiary 
amines behave differently in their action towards nitrous acid (i.e. 
NaNO. -h dil HCi). 

(a) Primary amines react readily to form an alcohol with the libera- 
tion of nitrogen* 



RNRi + HO.NO 
C^HsNH. -i- HO.NO 


ROH r N, - H.O 

C,H,OH i N. H.O 
Ethyl alcohol 


(b) Secondary amines react slowly, yielding oily nitroso-amines 
which are characterised by Liebermann’s test. 

R,N H HO NO — ► R..N.N — 9 

^ Niirosoamine 


e.g., : HO.NO 


(C,Hi),N.NO : H,0 
Diethyl nitroso 
amine 


I ieberman’snitrosoaminc reaction. The nitrosoaminc is washed free ot ni rous 
acid and warmed with a little phenol. On cooling and adding concentmted sulphuric 
Idi a creenUh blue colour develops. On dilution with water the colour changes to 
red, but becomes greenish blue or violet again on addition of alka 1 . 


Liebermann’s nitrosoaminc reaction 
fication of secondary aminej. 

Tertiary amines simply form salts with 


is a delicate test for the identi- 
nitrous acid, c.l’,, IViNUNO.. 


(6) Action with Grignard reaiiciits. Primary and secondary aimnes 
react with Grignard reagents to give hydrocarbons, rcrliury amines have 

no reaction. 


•The reaction is not so simple and straightforward. Several derariurcs are 
known " For example, with mcthylaminc. the mam product is diethyl ether and not 
S"l' alcohol, ElhylamiDc yields 60% of alcohol and o propylaoonc yields propyl 

and isopropyl alcohols. 
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R.NH H R i.Mg.X 

Primary amine 


RH + Mg 


/ 

\ 


N.HR 


H ^ R •Mg.X 

Secondary amine 



/NR. 

RH + Mg( 

\x 


e.g. QHsNHa + CHa.Mg.I 


/NH.C.Hs 

CH, + Mg( 

Methane 'I 


/NCCaHs)^ 

(C,H,),NH + CHa.Mg.I — > CH* + Mg<^ 

Methane \l 

Distinction between Primary, Secondary and Tertiary Amines. 


The various tests which can be employed to distinguish between 
primary, secondary and tertiary amines are given in the following table : 


Test 

Primary 

amine 

Secondary 

amine 

Tertiary | 

amine I 

1. Action with 
alkyi halide 

Combines with 3 
molecules of halide 
to form the quater- 
nary salt. 

Combines with 2 
molecules to from 
the quaternary . 

i salt. 

Combines with one 
molecule to form 
the quaternary salt. 

2. Action with 
acciyl chlo- 
ride 

Forms acetyl deriva- 
tive. 

$ 

! Forms acetyl deriv- 

; ative. 

1 

1 

No action. 

3. Action with 
nitrous acid 

Forms an alcohol. 

Forms a nitroso- 
amine characteri-^ed 
by Liebermann’s 
test. 

1 

' Forms a nitrite. 

4, Carbj laminc 
test. 

Forms a carb\|* 
amine with a dis- 
gusting odour. 

No action. 

1 

No action 

1 

5. Action with 
Grignurd 
reagent. 

Forms a hydrocar- 
bon. 

Forms a hydrocar- 
bon. 

No action 

6. Action with 
Hinsberg’s 
reagent. 
CjHjSO^CI 

Yields sulphoaamide, 
soluble in alkali. 

Yields sulphona- 
mide. insoluble in 
alkali. 

No action. 
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(2) Ethyl amine is prepared in laboratory by Hofmann’s bromamide 
reaction, using propionamide in place of acetamide. 


^ , Brs+KOH KOH 

CoHsCONHj — ^ CHjCONHBr C.HsCONKBr 

Propionamide Bromopropionamide Pot. salt 


■ Rearrangement KOH 

— » CH,CON< — ► C5H,,N=C=0 — * CjHr,NH. 

Ethyl isocyanate Ethyl amine 

The apparatus and the details of the experiment are essentially the 
same as in the laboratory preparation of methyl amine discussed above. 

( 3 ) On a large scale it is prepared by passing a mi.xture of ethylene 

and ammonia over a cobalt catalyst at 450' and under 20 atmospheres of 
pressure. 


CHa H 450\:0atm. 

CH ^ CH3.CH,.NH, 

^”2 NHj Co catalyst 

Ethylamine is a colourless liquid (b.p. 19°), with an ammoniacal 
odour. It is highly soluble in water. It burns with a yellow flame. It 
gives all the reactions of primary amines (c/. summary on page 503) 

Dirnethylamine. (CH 3 )..NH 

hv , is the simplest secondary amine and is best prepared 

t>> llK hydroI>sis ot /^-nitroso-dimeihylaniline with alkali. 

NO CH,s^ 

^ "''NaO-vl^ 

Dimetnylamine Sod. salt of p.nitrosophcnol 

Dimeth\laniine is a colourless liquid boiling at V and having an 
ammonucal odour. It is a typical secondary amine. It is employed for 
uuiairing ol hides and as an accelerator in the vulcanisation of rubber. 

Iriniflhylainiric. (CHalaN 

Trimelh> lamine is the simplest terliary amine. It occurs naturally in 
iiiw c\crcia of fish and in some plants (hawiluri} blossom). 

Industrially, it is formed by the destructive distillation of beet su^ar 
nu-»la^seN. In laboratory, it is obtained by the decomposition oftetra- 
nicin\l nnimonium hydroxide. 



(CH3),N.0H — 4 - CH3OH 

It IS a colourless liquid boiline at it 4 • u 1 ^ 

(CHdaN.HCl - 3HCI — ► TiCHaCl + NH 4 CI 
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Ascent and Descent of Series 

It would be of interest to note that ascent in homologous senes can 
be achieved through interaction between alk>l halide and 
cyanide when an alkyl cyanide is formed, which contains one carbon 

atom more than the alkyl halide. 

The descent in a homologous series can be brought about by 
Hofmann's bromamide degradation, in which an acid amide on treatment 
with bromine and potassium hydroxide results in the tormation ot an 
amine which contains one carbon atom less than the amide. 

A few examples will illustrate the above points. 

Ascent in Series. 

(a) Conversion of methyl alcohol into ethyl alcohol. 

Red P + 1 2 


CHr,OH 
Methyl alcohol 


CH3I 

Methyl iodide 


HNOo 


Reduction 
Na/alcohol 

(h) Conversion of acetic acid into propionic acid. 


CH3CH2NH.. 
Ethyl amine 


CH.CN 

Methyl esanide 

CH3CH,0H 

Ethvl alcohol 


Ca salt distilled 
CH3C00H — 

Acetic acid with Ca formate Acetaldehyde 
Red P + r. 


Reduction 

ThT 

KCN 


Reduction 

Na/CaHsOH 

Oxid. 


CH;,CH2l 
Ethyl iodide 

CH3CH2CH2NH2 
Propyl amine 

CH3CH..CHO 

Propionaldchyde 


HNO2 


Oxid. 


CH.CH.OH 
Ethyl alcohol 

CH.CHXN* 
Ethyl cyanide 

CHa.CHXH.OH 
Pjop>l alcohol 

CHjCHXOOH 

Propionic acul 


Descent in Series. 

(a) Conversion of ethyl alcohol into methyl alcohol. 

\ ^ ^ T ■ ■ 


Oxid. 


NH 


3 


CH3COOH 
Acetic acid 


CH3CH2OH 
Ethyl alcohol 

CH CONH CH3NH, 

“famWo = Merhy, amine 

Hydrolysis 


UNO. 


CH:yCOONH, 
Ammonium acetate 

CH,OH 

Methyl Alcohol 


CH3CH0CN 


CHaCH.COOH 


mineral acid 


Ethyl cyanide can 


acid in one step, by hyjrolysis. 
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(b) Conversion of propionic acid into acetic acid. 

NHa Heat 

CH3.CH2COOH — .. CH3.CH2.COONH4 — ► CH3.CH2.CONHa 

Propionic acid Ammonium propionate Propionamide 

Bjj+KOH HNO, O O 

— ^ CH3.CH2OH — ► CH3.CHO — ► CH3COOH 

Ethyl amine Ethyl alcohol Acetaldehyde Acetic add 

SUMMARY OF A TYPICAL MEMBER 


Preparation. 


Ethyl Iodide 


Ethyl alcohol 
CoHgOH 


Propionamide 

C^H.^CONHi 


Methyl evanide 
CH3CN 


.E<b>l isocyanidc 


C^HiNC 



Heat with alcoholic ammonia 
in a sealed tube 


NH3,(ZnCl2 0r 
heated alumina) 

Bra KOH 

\{Hofmann's Bromamide reaciion) 

Reduction (Na/alcohol) 
{Mendius reaction) 

Reduction. Sn/HCl 


Hydrolysis with mineral acid 


N-E,hvl pWhalimidc ! Hvdrolysis with mineral acid 
CcH,(CO}2NC;,H3 


Ethyl amine 
CjHsNHa 


Acclaldoxime 

CHaCH^NOH 


Reduction, Zn/CHfjCOOH 


Ethyl isocy.inafe 
CaH.NCO 


Hydrolysis with alkali 


Acofamide 

CHaCONH. 


Reduction with LtAil^t 
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Properties. 


Ethyl amine 

C0H5NH2 


HNO- (NaNOa'HCI) 


CHCln+KOH alcohol 


warm 


HCl 


Ethyl alcohol 
QH-OH 


Ethyl isocvanide 
CnHjSC 


Ethyl amine hydrochloride 
CjHsNH.HCl 


Water 


Acetyl chloride 
(CHaCOCI) 


CHaMgBr 


CjHtl. heat in sealed 
tube 



QUESTIONS 

, Whal are amines ? How am they classified 7 Wh.n arc the.r characteristic 

’o:S"tLTncmrm"trdVoTp"r^P- of the vartoas types of amines. 

3 ; HoTwUI yon separate a mixture of primary, secondary and ternary am.nes f 
Give chemical reactions mvolved. 

4 . How does methylatnme Ethyl magnesium 

iodi^ffrd ^m^iUrum hyllrUide ( O Bromine and KOH 7 

5. What happens vvhen. bromide in a sealedtubcIhlTrimciliyl- 

(t/) Ethyl amine IS heat Tctramcthyl ammonium hydroxide is dittiUcd 

?d7Ac«aS istcateJtt“h''so5iu*m’ iCTobromirc (c, Trimethylamine .s h-a,c,l w„h 
hydrochloric acid ? 

L Hofman^°Cb7om\mide degradation (M Hinsbers's method for the scpar.rtion 
of amiQe“7™iberraann's nitrosoamiae test (,/, Mend.us redact,. a,. 
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QUESTIONS 


7. How will you distinguish between a primary, secondary and a tertiary amine ? 
Give the chemistry involved. 

8. How will you prepare a sample of methylamioe in laboratory ? What are its 
properties ? 

How will you determine the molecular weight of the compound ? 

9. Write equations indicating the reagents used and conditions employed for : 

(a) Reduction of an alkyl cyanide (6) Reduction of a niiroparaifin (c) Hydrolysis 
of p-n»iroso dieihylaniline (</) Hydrolysis of-N ethyl phlhalimide (ej Reduction of an 
isonitrile ( f) Reduction of an oxime. 

10. How will you convert i 

(a) Methyl alcohol into ethyl alcohol and vice versa (W Acetic acid into propionic 
acid and vice versa (c) Ethylamine into methylamine and vice versa ? 

11. Write short notes on : 

tO Ascent and Descent in Homologous Series. 

(II) isomerism in amines. 

(III) Nomenclature of amines. 

12. Present a scl'.eme by which Meihyltmine and Ethylamine can be converted 

into each oihcr. (Panjab Inter 1961, 54) 

13. Describe in each case two reactions associated with the presence of the 

following groups in the molecule of the organic compounds : ii)— CONHa 
(ii)— Clli-NH?. (Panjab Inter 1960) 

14. (0) Describe Hinsberg's method for separating primary, secondary and 

tertiary amines. (Panjab Inter 1959 S) 

(/') Write illustrative but brief note on : Descent of a homologous series. 

(Panjab Inter 1959 S) 

15. Outline a scheme for preparing propionic acid starling from methyl alcohol. 

(Panjab Inter 1957) 

16. \S'hat are amines ? Give examples of the different classes of amines. 

(jiven a mixture of the different classes of amines, how would you proceed to 
separate them from one another and show which is which ? (Panjab Inter 1957) 

17. NaOH is an inorganic base. Mention at least one organic substance which 

exhibits siniiijr properties Give the preparation, other important properties and 
uisimeiiNe tests of substance selected. (Panjab Inter 1952 S) 

18. llov. c.in you obtain ethylamine in a reasonably pure form from two different 
jouices UitTcreniiaic this amine from Uicihylaroine, trieihylamine and meihylaroine. 

(Panjab Inter 1951) 

l‘•^ Hovs are alkyl densatives of ammonia named and classified ? Give any two 
methods for their preparation and say how the different classes can be distinguished. 

(Panjab Inter 1949) 

20. Gi\e the tests by which primary, secondary and tertiary amines can be 
di'tinguished from one another. How will you get methylamine from acetic acid ? 

(Panjab B.Sc. Part 1 1962) 

21. How will you convert methylamine into ethylamine and vice versa. Describe 

each step and illustrate it by proper equations. (Ajmer Inter 1951) 

11. NS hat arc the general methods for the preparation of amines ? Show bow 
you van distinguish between the primary, secondary and tertiary amines. 

(Jammu <i Kashmir Inter 1958} 
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CARBOHYDRATES 


The Carbohydrates. The carbohydrates constitute a 
wc^r r^r nAturallv occurring compounds, such 2 S glucose 
‘ roso r H O cane-sugar cf.H,.,0,., cellub starch (QH..O,),„ etc. 

Ul h cS?d;aterare'made’-up‘-of carbon, hydrogen and oxygen and 
Ml me cdrou y reoresented by ihe general formula Cx(H..O)y. 

But the above definition of carbohydrates was found to be inherently 
wrong because i 

(i) Carbon is not known to form ‘hydrates’ as the term is under- 
stood in inorganic chemistry. 

fi/l Some compounds, such as rhamnose anclfucose, C«H„0,. were 

isolaVed and studied, which definitely belonged to the class of carbo- 
hyrlrltes^Lt still their formulae could not correspond to the general 

formula, CrlHgO)^. 

(Ui) Such organic compounds of carbon, hydrogen and o.xygen are 

( "V . ^ . oxveen arc present in the same proportion 

known, in wbieh Mrogen a^e o^y^g^ ^ 

CH O etc) but none of them could be regarded as -carbohydrate.- 
Hence anoi^r definition has been suggested and aceepted_^ According to 
" atrn views carbohydrates are either aldehydic alcohols or ketooic 

aleS. For’example! glucose and fructose are aldehydic alcohol and 

ketonic alcohol respectively. 

Classification and Nomenelature. In general, the carbohydrates 
belong to two classes . 

fnl Suzars These are crystalline, soluble in water and are sweet in 
taste ^Eflples of this type are glucose, cane-sugar, fructose. 

/t ■ AT These carbohydrates are amorphous, insoluble in 

water a'ndmsteVss. ' starch, cellulose, gum are examples of this type. 

I 1 C not a scientific one. A more rtitional 

classfficauttaTbeJrevolved. I. is based upon the number of carbon 
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atoms in a molecule of a carbohydrate and the number of simpler unit. 

all nmnosaccharides. J^ey ^ ot ’ P‘=^H.,OH.(CHOH)..CHO. 
aldehvdic alcohols. Fo^ instance, giucos. ^ 

is an'aldehydic alcohol and fructose, CH,OH.ca(CHun,, . 

Ixtonic alcohol. The carbohydrates end in -ore and ge^roj ^ 

leucr Shoninalhe OH (CHOH). CHO, is an aldohexose 

(2) Carhohydraies. ..•/iie/i conlah, “ k„oL a, 

and Ml on hydrolysis yield (*„ having’ the formula, 

disaccharides. Cane-sugar acto e ™^;'/“'‘Slysis yields glucose 

Si" Air ::t srsMii.; a- .i- 

molecules ol glucose. 

Hydrolvsis 

HoO — ► CfiHiA 

mineral acid Glucose 

Hydrolysis ^ 

H,0 — ► CjHiA 

Maiiose ' ra'M'al Glucose 

( 3) Carbohydrates, which on hydrolysis y'«'<J s°Lch'’ «lIu?ose- 
cules of monosaccharides, are called Hysaccharides. Starch. 

and dextrin, tC.H„A)n, are such examples. 

Hydrolysis _ „ o 

AH„0,)„ nH.,0 — 

1 he above classification of carbohydrates may be summed up 
under : 

Carbohydrates 


CijHjjOii 

Cane-sugar 

CiiiHoflOii 

Maltose 


CsH.A 

Fructose 

Glucose 


Monosaccharides 


nisaccharidcs 
e.g.. Cane sugar 

CjaHaaGii 


Aldoses, c-.e., glucose 


Polysaccharides 
f,g.. Starch. Cellulose 

1 

Ketoses, e g., fructose 

CH:0H.C0.tCH0H)3.CH20H 


monos.accharides 

(.LtCOSt. GRAPE SLCAli. DEXTROSE. 

filucoseisbv far the most important monosaccharide^ It occurs 
widely in seeds and loaves of plants, fruits and ui honey. Ripe grapes 
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may. contain up to 20% of glucose, hence the name grape sugar. It is 
also'prcsent in the blood normally within the ranee 0'08% — 0 )8% by 
weight, but in diabetic patients the glucose content may rise up to 0 3% 
in blood and much higher in urine. 


Preparation. (1) Glucose is prepared by hydrolysis of cane-sugar with 
dilute hydrochloric acid in 90% alcohol solution. 


Hydrolysis 

+ HP CsHiPe 

Cane-sugar dil HCI Glucose 


C,MuO, 

Fructose 


Glucose being less soluble in alcohol crystallises out leaving behind 
the more soluble fructose in the mother liquor. It is tiitercu and recry- 
‘Siallised from dilute alcohol. 


(2) Manufacture, (a) From starch. Industrially, g’ucose is prepared 
by hydrolysis of starch with dilute sulphuric acid. The starchy material 
£ike maize, rice, or potatoes is healed with dilute sulphuric acid under 3 
atmospheres pressure. After the hydrolysis is complete. t!ie c.xcess of the 
acid is neutralized with chalk (CaCOji and the insoluble CuSO, is filtered 
out. The filtrate is decolori.sed with animal charcoal and then evaporated 
in vacuum when glucose crystallises out as nionoludraic, QHjPc HjO. 
The crude product always contains dextrin as an impurity which is got 
fid of by recrystallisation from alcohol. 

(b) From cei!u]o^e. Now-a-days, slucose is obtained by hydrolysis 
of wood cellulose with dilute acid under pre.'.sure till the hydrolysis 
is complete. The excess oV the acid is removed with chalk and glucose 
obtained by the same process as above. 

Physical Properties. Glucose is a crystalline sweit substance, soluble 
m water, insoluble in alcohol and ether, it crystallises from water as 
monohy^drate (m.p. 83®) and from alcohol in anhydrous stale (m.p 146®). 
Its aqueous solution is optically active and is de.xtro-rotalory, hence, the 
came dextrose. 


Glucose has the structure CHjOH.CHOH.CHOH.CHOH.CHOH.CHO. 
It contains one aldehydic and five hydro.xyl group.s. Glucose, 
ihercfore, combines the properties ol an aldehyde and a polyhydric 
alcohol. 

(a) Reactions of aldehydic group. 

fi) Oxidation (a) With a mild oxidising agent like bromine water, 
glucose is oxidised to gluco 

CHO 

I 

(CH0H)4 

1 

CH,OH 
GJuco&e 


<nic acid. 


O 

Biz water 


COOH 


(CH0H)4 


CHjOH 
Gluconic acid 
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(b) With a strong oxidising agent like nitric acid, saccharic 
dicarboxvlic acid, is obtained, 

COOH 


CHO 


(CHOHh 

I 

CH.OH 


30 
HNO:» 


(CHOH)* H.O 

I 

COOH 

Saccharic acid 


(ii) Reducing properties. S.nce glucose can be easily oxidised to 
gluconic acid, it acts as a reducing agent. 

(a) It reduces ammoniacal silver nitrate to metallic silver. 

AgNO;, + NH.OH — AgOH + NH^NO., 

2AgOH — ^ 


CHO 

(CHOH’, r Ag,0 
I 

CHoOH 


COOH 

I 

(CH0H)4 

1 

CH.OH 


2Ag 

Silver mirror 


(b) It reduces Fchling solution', i.e., alkaline copper sulphate to red 
cuprous oxide. 

Cu(OHC + Na-:SO, 


CuSO, +2NaOH 
CutOH)^ 


Clio 


iCHOH), - :CuO 


CuO -t- H,t) 

COOH 

(CHOH). - CuoO 

' RcvUlish ppt. 

CHsOH 


Cl 1,0 H 

to 

!iii/ Reduction. On reduction u ilh sodium amalgam, glucose yields 
a hjxahsdric alcohol. 


CHO 

1 

:n 

CHoOH 

to 

I 

(CHOH), 

— » 

(CHOH) 

1 

Cti..OH 

\a-lli/H,;0 

1 

Sorbitol 


nv ) Reactions with hydrogen cyanide. With hvdrogen evanide. glucose 
pivo a:i addition product, glucose cyanohydrin. 

't^ehlin^ bolution is prepared by dissolving copper sulphate, NaOH and Rochelle 
sail (sodium potassium lariraic) in required proponioos. 
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CHO 

<CHOH), + HCN — • 

1 

CHoOH 

(\) Reaction with hydroxylaraine. 
ponding oxime is formed. 

CH O + Ha NOH 

(CH0H)4 Hydroxylamine 

I 

CH*OH 


yCN 

CH<; 

I ^OH 

(CHOH), 

1 

CHoOH 

Glucose cyanohydrin 

With hydrox) lamine, the corres- 


CH-NOH 

I 

(CH0H)4 

I 

CHoOH 

Glocoxime 


(Vi) Reaction «ith phen 5 ■lhydra^ine Glucose reacts " rhen> lhyd- 
razine (one molecule) in the usual way forming the corresponding phenyl- 

hydrazone. 


CH O -r H, N.NH CoHj 
I 

(CH0H)4 

I 

CHoOH 


— H.o 


CH = N.NH.CeH, 
I 

(CHOH)i 

I 


CHoOH 

Glucose phenyl hydrazone 

e hvHrn/ine (sccond molecule), glucose reacts 

With an excess of P \ alcoholic group, next to the aldelndic 
in such a way Uiat the seco ^ jl,e intcimcdiaie com- 

ro3fo?ormerrtctsw,"t‘‘a drird ni'-u.e o, phenyl hydrazine to 
foZ glucosazone (a crystalline compound, n> P- ^ 

CH^N.NHCoHb 


CH = N.NH.C«H 


(CHOH) + CcHsNHNHa 
(CHOH)a 


CO 


CH,OH 
Glucose phcnvl 
hydrazone 

CH = N.NH C 0 H 5 
C = 'l O ^ Hal N.NH.CflHs 

I ■ 

<CH0H)3 

I 

ch,oh 


(CH0H)3 

I 

CH.OH 

(Intcrmcdiaie 

compound) 


-r NH 3 4- 

CoH-.NHj 

Aniline 


CH = N.NH.C,Hr 


— HoO 


C=N.NH.CgH 

I 

(CH0H)3 

I 

CHOH 

Glucosazone 
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The formation of glucosazone is used as a test for the presence of 

glucose. • • 14 u 

It may be noted that glucose does not react with characteristic aldehy- 

dic reagents like sodium bisulphite and ammonia, 

(b) Reactions of alcoholic groups. 

fi) Glucoside formation. Glucose reacts with methyl alcohol, in the 
presence or dry HCI gas. to form an ether type of compound known as 

glucoside. 

HC! gas 

C„H„ 0 , OH + H.OCH3 — C,H,A.0CH3 

Glucose Mcth> lglucos.de 

fi;; Glucnsate formation. Glucose reacts with calcium hydrotide to 
form cilc.um glucosaie. 

C,HiACaO H-HoO 
Calcium glucosaie 

(iiil Acetvlation. Glucose reacts with acet>l chloride as well as witii 
acc'u- anhyjnde to form a poiita-acetyl derivative. 

CHO CHO 


CpHioOc -r C.i(OH)> 


(CHOHii -r StCHiCOinO — ► (CK.O.OC CH.,h r 5CH:,COOH 

, Aceiic anhydride I 

(;|j Qi{ CH2 -O.OC.CH;j 

Glucose penu acetate 

f ,') Fermentation. Glucose undergoes fermentation 111 the presence 
of >ca^t to give ethyl alcohol. 

Yeast 

QH,A — *• AHsOH + 2 CO. 

tthyl alcohol 

LUes. Glucose IS used : (i) in preservation of fruits and jams; 

///; m Mlvering of mirror>. (Hi) for synthesising vitamin C and other 
p.uinnaccjiics. ( in the preparation of wines, vinegars, etc. fv^asa 
j.i.td loi invalids. 

I'lSis hir (;luco^c. ill \Vh.*n \viffn:.l with concentrated sulphuric acid, glucoso 
u.-u irr.-.! lar.ii.n^ carPon inonoside, carpon dioxide and sulphur dioxide. 

^/i) W i;n balled with a lU 'o sodium hydro.xidc solution, it turns yellow. 

(Il l Wii.n ..'.tnneJ for a ftw minjio with am noniaeal silver nitrate solution, a 
,h.ni ■: mirror i.n lormcU. 

w i wIkm warnK-J wuh Fchhng solution, forms a red precipitate of 

cup. GLJ^ OM’Je. 

in Wif. p;io-ivl hydrazine (cscessj it gives glucosazone. a yellow crystalline 
co.nipuMijJ ill p 2 vjp-j. 

('It Moiisdi s test. This delicate lest is given by all carbohydrates and is per* 

forniuvl ai loiluWs ; 

AaU a few drops of an alcoholic solution of a-napbtbol to a solution of glucose 
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. jj . 1 .. 2 c c of concentrated sulphuric acid along the side 

‘"f'lhe'estmbe A dlep vfolet coloration develops at the junetton ol the two lasers. 

Structure of Glucose. (1) By quantitative analysis, the molecular formula of 

glucose is lound ^ derivative with acetyl chloride or acetic anhy- 

dride mdt?Sth?p“esence”of five hydroxyl groups in glucose molecule. 

,Ta> Glucose on mtid oxidat on with bromtue water gives an aetd contatntng 
the same number of carbon atoms. 

07) Glucose on reduction gtves a primary alcohol. VIZ, sorbttol 

respectively. 

These reactions indicate the presence of aldeh>dic group m glucose. 

Glucose may. thus, be represented as CoH^'CHls CHO. 

a.ta‘J>d =“%nr 

CHnOH.CHOH CHOH.CHOH.CHOH.C./^ 

^ the above straiiiht chain structure of glucose is not 

It may be pointed out “ , , explain why glucose does not icact wnh 

enlircly statisfactory, for example . I tads wrxpu^ 

“c‘l!ryS of H^woXhas proved that glucose has a cyclic or ring s.ruc.ure, repre- 
rented below : 

Cil.Oll 



H OH 
(i-Ghicosc) 

The detailed discussion of ihe above ts beyond .he scope of .he prosen. voiunte. 

fructose, fruit sugar, LAEVULOSE. C„H,:0. 

Fructose occurs tn hortcy and sweetJVuit. C^.sttgtu - i.^rdy^s 

Preparafion. i i ) Fru-se can b^^tatne^^ tn ffic 

complete. , 

Dil. Hj-SOi ^ fj ^ i P H O 
pun 4- H.O C„H,.Oo -1- 

-r n.r'-' Glucose Fructose 

Cane-sugar 
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The excess of the acid is neutrali«ied with barium carbonate, and the 
precipitated barium sulphate is filtered off. The filtrate is then freated with 
calcium hydroxide when the insoluble calcium fructosate (CaHisOg.CaO) 
gets precipitated (calcium glucosate, being more soluble, remains in 
solution). The precipitate is separated, suspended in water and a slow 
current of carbon dioxide is passed which decomposes the fructosate. 

C;H,.OcCaO CO, — CoHiA-CaCO;, 

Calcium fructosate Fructose 

The insoluble calcium carbonate is filtered olT, and the filtrate concen- 
trated to >ield crystals ot fructose. 

(2) On an industrial scale, fructose is obtained by the hydrolysis of 
inulin. prc'Cnt in dahlia tubers and Jerusalem artichoks, with dilute sul- 
phuric acid. 

di). H0SO4 

, /;H,0 — ■» n 

Inuiin Fruciosc 

After completion of the hydrolysis, w-hich takes nearly an hour, the 
excess of the acid is neutralised by baryta (BaO). The filtrate, on concen- 
tration undfT reduced pressure, yields crystals of fructose as a hemihydrate 

Cr,H„(>u iH,0. 

Physical Properties. Fructose is a colourless crystalline solid (m.p. 

^'5 ). It IS soluble in water and alcohol. 

Chemical Properties. Fructose has the structure, 

CH,OH.CO.CHOH.CHOH CHOH CH.OH 

It contains one ketonic and five hydroxyl groups. Fructose, therefore, 
combines the properties of a ketone and a polyhydric alcohol. 

(a) Reactions of the ketonic group. 

(I) Oxidation, ^^ild oxidisinii agents V\V.e bromine water have no 
action on fructose. 


Strong o.xidisinji agents like nitric acid oxidise fructose to give a 
mixture ol three acids — irih\drv>\y gluiaric. tartaric and glycollic acids, 
each containing fewer number of'earbon atoms than fructose. 


CM., OH 

CH .OH 


COOH 

C(.) Oxidation 

1 


1 

. 1 ... 

COOH 

^4 

i 

(CHOH) 

(CHOIH, HNO 

Cilycollic 


1 

1 

acid 


COOH 

ClTOfl 



Tartaric 

I'ruciosc 



acid 


f 
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CH.OH 

1 

CO 


COOH 


• * • I • 


o 


(CHOH);. - CO, H,0 


(CHOH), hnOh 


CH,pH 
Fructose 


COOH 

Tnhydroxy 
gluiaric acid 


0 Red«:,ng properties. Since fructose, l.ke glucose, can be easily 

oxidised, it behaves as a reducing agent. 

I, reduces ammoniacal solution of sliver nitrate to metallic silver and 
Fehling solKtion to red cuprous oxide. 

The reducing action of fructose is due to the presence of-CO.CH.O 
•group m it. 

of the cfther. „ 

r'H OH Cn.Url 

CRPH CHPH j 

1 H-C-OH - HO~C-H 

1 Na/H,+vfater | 

^CHOH). (CHOH). 


CHPH 


CHOH 

Mannitol 


CHPH 
Sorbitol 

(4) Reaction »ith hydrogen cyanide. Fructose like other -ketones, 
sicacis with hydrogen cyanide to form a cyano y 


CH 2 OH 

I 

CO 


; HCN 


(CH0H)3 

I 

CH 2 OH 


CH.OH 

I -CN 

1 ^OH 
(CHOH). 


CH.,OH 

Fructose cyanohydrin 

. 1 • a. Priu-tose forms an oxime with 

(5) Reaction with hydroxylamine. Fructose 

hydroxylamine, NH.OH- 

CHoUH 

CHoOH 


Hit* 


CO 


HjNOH 


(CHOH), 

I 

CH,OH 


I 

C^NOH 

I 

(CHOH). 

I 

CHoOH 
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(6) Reaction with phenylhydrazine. Fructose reacts with phenyl- 
h ydrazine (1 molecule) to term the corresponding pbenylhydrazons. 


CH.OH 


-HsO 


C N.HNQH, 


CH..OH 

1 

C=N HNCjHg 


(CHOHlj 

CH,OH 


rCHOH)3 

I 

CH-:OH 

Phenylhydrazone 
of fructose 


The piicnylhyJrazone so formed reacts vsith excess of phenyl hydra- 
zine (sect'iid molecule) in such a way that the primary alcoholic croup 
present at the end, adjacent to ketonic croup, gets oxidised lo the 
iiideliydic group. This intermediate compound re.icts with another 
muleculc of phen\ Ihxdrazinc to form an osaz^me. fruciosazone. 


rnoH i 

! 

C-N.iIN.C,H, 

( 

(CKOH). 

I 


QHiNHNHa 


CH-OM 

Pli'T.\lh'. Jmzouc 
« 

<’f t'ruciosc 


CHO 

C^N.HN.CsHg 

I 

(CII0H)3 + NH, ~ CoHsNH, 

I 

CH.OH 

Intormidiate 

compound 


CM = - C) -r H, N HN.Cr.Hs 
C-N.HNC,.H, _ 

I 

(L HOlDa 

I 

CH.OH 


CH-N.HN.C.Hj 

C HN.CsHf. 

I 

(CHOH), 

1 

CH.OH 

hru.tos.*?Drte 


l[ n}(i\ he of '.ic’csi lo note ih it ihe Ou- losazone formed is found to 
'h> identical uiif. y.’fa.Kj.- .,ic (h ih mcli ai 


,'/)) Rcaciiims ol iho ;!lcoholic groups. 

1 1 ) f ruetosidf formation. Fructose forms t fructoside with methyl 
Ucoliol in [he s tme in. inner as glucose docs. 

Dry HCl gai 

'-.H.A, OH H 0.CH3 — ► C.Hi.Os.O.CH, 

— HjO .Methyl froctoskJc 
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Methyl fructoside, like methyl glucoside, is also an ether type of 
compound. 

(2) Fructosate formation. Fructose reacts wUh hydroxides of calcium, 
barium or strontium to form the corresponding fruciosates. 


QHiA.O H -r OH .Ca.OH 


C,H„05.0.Ca.0H 

Calcium fructosate 

(3) Acetylation. Fructose forms penta-acelyl derivative with acct>l 
chloride or acetic anhydride. 

CH-.OK CH . O.OCCH3 


CO +5CH3.CO.O.CO.CH3 

I Acetic anhydride , 

(CH 0 H )3 


CO 

I 

{CH.OOC.CHX 


CH OH CH.» 0 0 c CH 3 

Fructose penu acetate 

(c) Fermentation. Fructose, like glucose undergoes fermentation m 
the presence of yeast, forming ethyl alcohol and carbon dioxi c. 

CoH,:Oo — - 2C2H,0H + 200. 

Uses. Fructose is used as a sweetening agent in place of cane su^ar. 

Tests for Fructose. Fructose gives all the tests mentioned under glucose evcepl 

number 2. 

In addition, the following tests arc also given : 

inaaauion. I , , f ,vnru,.c is wirmed with some resorcinol m 

(1) Selivano/rs icsi If a hulc ‘'“''''it;:, p.taic is formed. 

dilute hydfochloric acid, a red coloration or p P , , r ^inn^ 

(2) ..r. When a liu.c o^ruct^. wUh a ht^e^ of^m_m 

molybdate solution containing a few drops or glacial aeetie 

lion is develop;.d. 

structure of Fructose formula of rroct...c corner o„, to be 

nrolccular fororula Is ot 

'"’"ra'l.s reaction with acetyl chlorine, forotios a pen, a.acol derivative, inheatos 

tlic presence ol five hvdroxyl ( Oil) group'>. , i i 

hvilroxvl inline and p}u*nvl lu'drii7ine 

<3) Its reaction wiih an^l' phenyl hydrazonc respectively, 

(1 molecule onl)) forming " "ke m.c 

shows tlK presence of an a, dehydic group or n ^ 

(41 That ihere is a kctonic group and not an alo.n>a 

the following : mixture of two alcohols, viz., sorbitol and 

(a) Reduction gives not one. but a mixture 

™"rMild oxidation 1. a, nr. e^t - rh'-Snu:;; a 

be represented as i 

CHgOH.CHOH.CHOH.CHOH.CO.CHiOH 
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As in ihe case of glucose, the straight chain structure of fructose ts inadeqoate for 
various reasons which cannot be discussed in the present volume. Suffice it to say 
that considerations, very similar to those applicable for glucose, have led to the- 
conclusion that fructose has a closed ring structure, vir.. 



Intcrconverslons of Glucose and Fructose 

( a) Conversion of Glucose into Fructose. This is brought about in* 
the following steps ; 

(i) Glucose is reacted with an excess of phenylhydrazine, when- 
glucosazone is formed. 

(ii] The glucosazone on hydrolysis with a dilute mineral acid yields- 
a kcltvaldeyde, called 'osone. 

(Hi) This keto-aldehyde. or on reduction with zinc dust andf 
acctic acid is converted into fructose because the aldehydic group is 
reduced in preference to the keto group. 


.Schematically, 

, the aiiove steps 

are represented below 

• 

CHO 

An excess of 

CH=N.NH.CfiH5 

1 


CHOH 

— » 

CH=N.NH.CeH5 


phenylhydrazine 

1 

(CH0H)3 

1 

CH.OH 


(CHOH). 

I 



CH.OH 



Glucose 

CHO 

1 

Osazonc 

CHaOH 

1 


! 

CO 


1 

CO 

IhdrolyMN 

1 

1 

Reduction 

1 

i’. mineral acid 

(CHOH), 

1 

Zn.'CHsCOOH 

(CH0H)3 

I 


CHoOH 


CHoOH 

A ^ 

'Os.^ne* 


Fructose 


/’ CoDversion of fructose into glucose. This is effected in the follow- 
ing Steps ; 

f/ ' Fructose is reduced with Na C^HsOH when a mixture of sorbitol 
and niunniiol is obtained. 
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67) Mannitol on mild oxidation with bromine water in the presence 
of alkali yields a mono-carboxylic acid which immediately is converted 
into y-Iaclone (inner hydride of a y-hydroxy acid). 

(Hi) The y-lactone is then reduced with sodium amalgam and dilute 
sulphuric acid, when glucose is obtained. 

The above steps may be represented as below : 


CH.OH 
I - 

CO Red 

(CHOH)a Na/CoHjOH 

1 

CH2OH 

Fructose 


CH 20 H 

COO H 

1 

1 

CHOH 

1 

(CHOH), 

Oxid. xCHOH 

Br.-NaOH f;CHOH 

1 

1 

1 

CH 2 OH 

-CHOH 

Mannitol 

1 

CHOH 

1 

CHoOH 
Mannoic acid 



CO 

1 

aCHOH 

I 

{iCHOH 

I 

yCH 


CHOH 


Red. 

Na/Hg-i-acid 


CHO 

I 

(CHOH), 

I 

CH.>OH 

Glucose 


CH2OH 

y-Lactonc 


Comparison of Glucose and Fructose. The detailed study 
and LctLe has proved conclusively that while glucose is an 


fructose is a keto-hexose. 


of glucose 

aldohexose, 


A comparison of their properties is summed up as below 


Common Properties : 

1. Both are crystalline, sweet in taste, soluble 

2 Both react with HCN, NH,OH and phenyl hydrazine. With 
excesi of phenyl hydrazine, both give the same compound. 

3. Both reduce ammoniacal solution of sdver nitrate and Fehhng 

“"'Both react with acetyl chloride or acetic anhydride giving a 
pema^cetyl derivativeth 

6. Both react with calcium hydroxide. 


1 


518 


SUCROSE 


Different Properties ; 

1. Glucose is dextro rotatory while fructose is laevo rotatory. 

2. Glucose on reduction gives only one alcohol, sorbitol, whereas 
fructose yields a mixture of two alcohols, sorbitol and mannitol. 

3. Glucose is readily oxidised to gluconic acid even with mild 
oxidl^ing agents, such as bromine water. Fructose is a little resistant 
towards oxidation. On drastic treatment, however, it gives a mixture of 
three acids, namely glycollic. tartaric and trihydroxy glutaric acids. Glu- 
cose on drastic oxidation gives only one acid, namely saccharFc acid. 


Cane-sugar, Beet-sugar. Sucrose CijHgaOu 

Cine-sugar is one of the most commonly used carbahydrates. It is 
known to ?Tiankind from verv earlv times and has been used as a sweeten- 
in , 2 a. 2 cnt. It is pre^^ent in ''Ugar-cane and in beet in appreciable propor- 
tions and i‘i also present in small amounts in fruits like pineapple, banana, 
strawberries, etc. The commercial sources of cane-sugar are sugar-cane 
and beets, in both of which the suear content is about 15-18 percent. 
Chemically, both the cane-sugar and beet sugar are identical. 

Manufacture. The m anufacture of cane-su 2 ar or sucrose is carried 
'Hit in (he f-'lhwinc steps : 

(/■) Fxiraction of juice. The freshly cut sugar-cane is crushed and 
prcs-cd hv passing through a set of rollers when the iuice is squeezed out. 
In order (a oMrnct the juice completely, hot or cold water is sprayed on 
the fahrous Hintcrial when it is on its wiy to the set of rollers. This 
cn-iircs al complete extraction of juice. The residue of the fibrous 
material, indii'triallv known as ho^nase, is used either as a fuel for the 
Hoik-rs or fnr m.inufacturing cclntcx (a typeot^ insulating board). 

The iuice talk down in a drain and is carried into a tank. 


For the cvtractinn of juice from the beets, the latter arc washed, cut 
into thin slices and treated with water at about 80—90®. when the sucrose 
eets extracted bv the process of dialysis*. The pulp (corresponding to 
in the above process) is a valuable food. The juice obtained 
bv Lither of the processes is sent to another tank for clarification. 


' a) Clarification of the juice. The raw juice is a brownish liquid con- 

t.tinine about l‘>— IS",, of •sucrose alone with small amounts of other 

% 

substances '^iich as orginic acids, colouring matter, nitrogenous com- 
pounds (proteins). mineral s•.l](^ nnd some suspended bagasse particles. 
The juice is piirifud bv tiefeCiUum (h) carhonaiion and (c) siilphitotion. 


fa! Dcffcatimi. The r.iw iuice, soon after its extraction, is irans- 
icrrcd ii'to a tank Iv ated with steam coils, and treated with 2—3 per cent 
lime idtixca'ion}. till the solution is just all;. dine. The organic acids arc 
e vixert.d int'i their calcium salts which are precipitated. Some sucro.se 
.ilso reacts With lime forminc calcium sucratc. 


(',.ll,,0,j4-Ca(0H). 


Cj.H.Ai- CaO + HjO 
Ca siicrate 


•Dialysis is a process whernn crystalloids are separated from the colloids by 
means of a icmipermcablc membrane. 
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But since it is soluble, it remains in solution. The proteinous matter 
gets coagulated and forms a scum at the top along with other suspended 
iitipunt.es. On passing through a Biter press, both the scum and the 
precipitated impurities are removed. 

(b } Carbonation. The filtrate containing a slight excess of lime and 

soluble calcium sucraie (C,.,H,,On.CaO) is transferred into another tan. 
and carbon dioxide is bubbled through it (carbonaiionj OdTbon dioxide 

decomposes the calcium sucrate to yield sucrose and calcium carbonate, 
and also reacts with unreacted lime. 

C,„Hj,Ou.CaO + CO. — ► C,;Hi20„ -}- CaCO, 

Calcium sucrate Sucrose 

CatOH)2 -f CO. — ► CaCOa + H.O 

The precipitated calcium carbonate is filtered olf. 

(c) Sulphilation. The juice is now treated with sulphur dio.xide 
(sulphitatiofi) which serves a dual purpose. Firstly, it decomposes any 
undecomposed calcium sucrate and also removes any residual lirne as 
calcium sulphite. Secondly, it bleaches the sugar solutior. The rrecinitated 
calcium sulphite is removed by filtration. For belter results, operations 
(b) and (c) may be repealed. 

Uii) Concentration and Crjsfallisation, The clarified is concent- 
rated under reduced pressure in 'multiple effect evaporators, (rig. n. 



Fig. 1. Muliiplc Effect Evaporators 

This device, resorted to in order to economise luel, ^ 
the following description. Exhaust steam from c ihelow norm i ) is 
into the first evaporator. E„ where a . c u^eJ 

maintained. The liquid in evaporator E, boils n 

for boiling liquid in evaporator E. under pressure P. ( i 

Learn from E2 is used for boiling liquid m evaporator E., 

lesser pressure P3. The liquids in evaporators h, and E3 are liit n- 

centrates from evaporators Ei and E. respeciively. 

When sufficient concentration has been o'oserveJ, the 
taken into a vacuum pan and further concentrated till crysia s ap^ . 

The contents (mc/«acMi 7 e^, at this stage, are translerreJ into a cry^ a 

satioo lank and allowed to crystallise. 
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(/vj Separation and drying of crystals. The crystals along with the 
mother liquor {molasses) are taken in a centrifugal machine. On opera- 
ing the machine, the mother liquor is drained away and sugar crystals are 
obtained which have a slightly brownish colour due to the sticking 
molasses. Cold water is sprayed over the crystals and again centrifuged*. 
The wet crystals so obtained are dropped from the top of a tall chimney, 
from the bottom of which hoi air goes up. The crystals falling down get 
completely dried and are collected in bags. A flow sheet for the manu* 
facture of cane-sugar is shown in Fig. 2. 


CRrJHER. 


Ml. is 


,-.^0^0/0 ^ 

"'"00 00 





CLNTffIFUGE 
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ri 
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riu. 2 . Flow r,hect for manufacture of Cane-sugar 


The inoihcr liquor (molasses) still contains about SO ',, of sugar. 
Quite often .1 second crop of cane-sugar is obtained from it through for- 
mation oi siuuuium sucraic followed by its decomposition with carbon- 
dio.Mdc. M ‘lassc'' a \cry suitable and cheap source of manufacturing 
alcohol. 

I*h>sical Fropertivs. (I| Cane-sugar is a white crystalline solid (m.p. 
184 ) soluble in water, but insoluble in alcohol. 

(2) Its aqueous solution i> optically active and is de.xtro-rotatory, 
spccilic loiatitui being — . 

(a) \\ hen healed ti) a temperature iust above its melting point and 
allowed 10 coo), it s ilidifie' to g,ve an amorphous glassy mass called 

hiir!c\ whicli. ii allowed to stand lor some lime, transforms back 
into the ery-tailuie !• 'rm. 

(4) Ua heatni!' 1 .. Mil . jt loses some water and gives a brownish 

ma^s. k\i aIjicIi is coininonls used as a navouring and colour- 

ing nulcnil I M* co:;lcvli<Kicrv and iVlnc^ 

(5) (»,i he. ting stnl further, cane-sugar gels charred and cives suear- 
cliarcoal. 


*Scry niiLn sonic iiiir.imannc is mixed 
lo sug.ir cr)'Uils. 


wiiti water, which imparts a white ccHour 
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Chemical Properties. (1) Hydrolysis. On treatment with dilmc 
mineral acids or by the action ot an enzyme, ,merrase. cane-sugar 
liydrolysed into equimolecular mixture of glucose and fructose. 

Dil. mineral acid 


+h,o 

Cane-sugar or mvertasc 

(dextro-rotatory) 

-!- 66 ' 5 ° 


CfiHijOe -r QH.oOfi 
Glucose Fructose 
(dexiro— ) (laevo— ) 

+ 52 - 7 ® - 92 - 3 ® 


Invert-sugar 

(laevo-rotatory) 

— 39 - 6 ® 


This equimolecular mixture is known as invert sugar because inversion 
of rotation has occurred. This fact would be very easily understood if it 
is remembered that fructose is more strongly laevorotatory than the 
-dextro-rotatory character of glucose. This phenomenon is called inYerston 

(2) Acetylation. On treatment with acetic anhydride or acct>. 
■chloride, an octa-acctyl derivative is obtained. 

C„H.,03(0 H', -t- 8CH-,C0 0 COCH 3 ►C,,H..O,(OCOCH,), 

** Ociu-acct>l derivative 

Acetic anhydride +8 CH$COOH 

The reaction indicates the presence of eight hydroxyl groupsin a 

( 3 ) Non-redudng character. Cane-sugar docs not reduce Fehling 

t^iNoore^ b silver nilrnle. It also does not react with 

hydrocyanic acid, hydroxvlamine or phen>l hydrazine. AM this leads to 

?h^c condulln thatL carbonyl group.>C=0, ,s present u. cne-sugar. 

(4) Formation of sucrate. With calcium hydroxide or strontium 

hydroxide, calcium or strontium sucrate is ^ 

^ Ciicirm sucrate 

t5) Fermentation. In the presence of yeast sucrose undergoes ler- 

mentation to yield ethyl alcohol and carbon dio.xrdc. 

Inveriasc 

C H O.. ► 

*2 (yeabt) Glucose 

Zvmasc _ 

C«H,oO« 2C,H,0H 

Glucose or Fructose (yeast) 

Both the enzymes, viz., invertuse and zymase are present m yeast. 

(6) Oxidation. When oxidised with concentrated nitric acid, tanc- 

liugar is converted into oxalic acid. 

HNOj COOH 

C,ai.O.. -f 180 

Oxalic acid 

(7) Action of concentrated sulphuric acid. With concentrated sul- 
phuric acid, cane-sugar is charred even in cold with the production ol 
CRrbon dioxide and carbon. 


“h C.jHiuO,, 
Fructose 

-f 2CO., 
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SUMMARY 


CjjHaaO,, + HjSO, — 12C + (H^SO^llHsO) 

C + 2 HaS 04 — .. COa + 2HaO -f 2S08 

Uses. Cane-sugar is very widely used as {a} a sweetening agent (h) 
as a food (c) as a preservative for fruits and in the form of its 
ocia-aceiate for denaturing alcohol and for rendering paper transparent. 

Tests, (l) Heat a little of sucrose, a brown mass, caramel, is obtained. On 
further heating, charring occurs with a characteristic smell. 

(2) Take a liiile of sucrose and add cone. H 0 SO 4 . Charring is noticed with the 
evolution of Co., and SOo. 

(5) boil a small amount of cane-sugar solution with some dil.HCl. Add Fchling 
solution and Harm. A red precipitate of CujO is formed, (why?) 

(4) It responds to Molischs test (see under glucose). 


Structure of Sucrose. (Ij Preliminary analvsis and molecular weight determina- 
tion indicate that the molecular formula of sucrose is CijH Oi,. 

(2) Sucrose forms an ocia-acctyl deri\aiive with acetyl chloride or acetic anhy- 
dride. U show s the presence of eight— OH groups in a cane-sugar molecule. 

(.t) Sucrose does not reduce Fehling solution or ammoniacal silver nitrate. 
Neither docs it react with h\droxylamine, hydrogen cyanide or phenyl hydrazine. 
This indicates the absence of a >C-0 croup. 

(4) On hulroly.sis. sucrose yields an cquimolecular mixture of glucose and 
fructose. Tiius, it means th,.t a sucrose molecule is theoretically built up by a union 
of oi e molecule of each of glucOiC and fruclOi'c through the elimination of a water 
molecule, vi:., 

-H;0 

Glucose Fructose Cane-suear 

The linking is 'U:h that the alJchydic group in the glucose molecule and the 
ketonic group in the fructose molecule are nuseeJ, 

Much work associated with the name of Haworth (1916) has established that 
canc-sui’ar has the following structure : 




H-C 

» 

H -C-OH 


j CHoOH 


HO-C-H G 
I 

H -C-OH 


IlO-C -H 
I 

H-C-OH 


C) 


H -C 


H-C 


CH2OM 
Glucose half 


CH..OH 
Cruet.. hah' 


1 he detailed disci.s>ion is beyond tl.c scope of the pro>cnt book. 

SUMMARY OF A TYPICAL MEMBER 

I’RFPAR.MION .AND PROPERTIES OF GLLCOSE 
I’rcpanition. 


( am* sugar 
( v.-H.-.G,, 


Hvdrolvsis 


Starch 


H\drolvsis 


I Glucose 

C,H„0, 
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Properties. 


Brj water, mild oxidation 


HNOj, strong oxidation 


Gluconic acid 

COOH— (CHOH )4-Cn.OH 


Saccharic acid 
HOOC-iCHOHij-COOH 


Glucose 

CeHi.Oc 


Na/a!cohol, reduction 


Fehling solution 


AgNOa ammoniacal 


HCN 


NHjOhKhydroxylaminc) 


Excess ofphenylhydrazine 


CH:,OH + HCI gas 


Acetic anhydride 


Ca(OH)2 


Yeast, fermentation 


Sorbitol 

CHjOH.tC HOHij.CH^OH 



Silver Mirror 


Glucose cyanohydrin 


CH.On (CMOH), CH 




CN 


^OH 


Glucoxime 

( Hpil{CHOHi,-CH = Ni)M 




P * 

t 


Ethyl .ilcohol 
Cjll.OH 


I What are caibohydratcs ? 
answer with suitable examples. 


QUESTIONS 

How have they been classified ? Illustrate your 










QUESTIONS 


2. How is glucose prepared (a) ia laboratory {b) on an industrial scale ? 

How does it react with (/) pheoylhydrazloe 00 acetyl chloride {Hi) hydroxylaminc 
Ov) dll. caustic soda and (v) ammoniacal silver nitrate ? 

3_. Outline the preparation of glucose in industry. What are its physical and 
chemical properties What evidence would you put forth to show (hat glucose has a 
straight chain structure. 

4. Glucose behaves as an alcohol and as an aldehyde ? Do you agree with this 

statement ? If so, why 7 ^ 

5. Describe the manufacture of fructose. Discuss its properties and its coostitU' 

tion. 


6. Describe briefly the process employed for manufacture of cane-sugar in India. 
How will you show that cane-sugar is made up of a molecule of glucose and a mole- 
cule of fructose less a molecule of water ? 

7. What are mono-, di- and polysaccharides? Illustrate your answer with 

examples. ^ 

8. What is starch? How is It prepared industrially 7 What are its main 
reactions and uses ? 

You are given 50 per cent solutions of glycerol, cane sucrose, grape sugar and 
urea in four separate test-tubes. By what tests would you distinguish between them ? 

9. (a) How will you convert glucose into fructose and vice versa. 

(b) How is glucose distinguished from fructose ? 

ge ts 7 glucose and fructose react with (a) reducing agents (b) oxidising 


10. Draw a labelled flow sheet for the manufacture of cane sugar and describe 

the various stages thereof. (Pa„jab Inter 1962) 

11 . Write illustrative but brief notes on (a) Monosaccharides (6) Multiple effect 

evaporator. (Panjab Inter 1959) 

12. What are carbohydrates? Give the preparation of glucose from (0 sucrose 
and (li) starch. How are glucose and fructose converted into each other 7 

{Panjab Inter 1955) 


13. How is cane sugar extracted from the juice of sugar canes 7 Give separately 

the action of (o) cone, nitric acid {b) cone, sulphuric acid and (c) Fehling solution r n 
cane sugar. {Panjab Inter J953 S) 

14. Describe the manufacture of glucose from starch. Pul down the formula of 

the sacchridc. What is tne action of (a) acetic anhydride (6) phenyl hvdrazine 
ic) sodium amalgam and water (rf) a mild oxidising agent {e) ammoniacal silver 
nitrate and (/) hydroxylaminc on glucose. {Panjab Inter 1950 S, 49 5) 


aromatic compounds 

CHAPTER XLIl 

INTRODUCTORY AND NOMENCLATURE 


All the compounds studied in the preceding chapters t^^Kd 
‘open chain’ compounds (as they all possess an open or straight ch i 
structure) or ‘aliphatic compounds’ (as the earliest members of this class 

were fatty acids). 

Another major class consists of compounds obtained from 

natural resins, balsams, gum benzoin and essential oils (those ot cIo\es, 
wS ereen cinnamon, vanilla, etc.) Since these compounds possessed 
a oleasant odour they were termed aromatic compounds (Greek, iiroma 
t=fragrant smell). All these compounds were found to contain a closed 
chain of six carbon atoms in their molecules. 

Thearomatic compounds are 

crpSfirrat /alled'ttoid cin.p^o„„ds. 

^ * 'T * rtf Aroitiatic Coinpounds, The following chiir«ic- 

UrisHS p“rovi3e fTascnalleS, for .he separa.a .rea.mcn. of aromatic compounds. 

(,) Aromaric compounds contain a Pcmenu.c of -bon_^.han the corres- 

ponding aliphatic compounds. Be^nzen t eH^ contains 83-7 per ccni of carbon, 
while the corresponding, parafnn, hexane tc-gnu'. 

They burn with a sojoky flame. 

J ai least one cyclic or closed ring with a 

(2) All aromatic possess an open chain structure, 

benzenoid character whereas the aliphatic compounu:» v . . . 

. . - ^ . 1 . . .K« .irrtm-itic compounds are unsaturated, tliey are 

(3) In spite of the fact that the acids alkalies, oxidising agents, etc. 

surprisingly stable towards comnion reagen s like acios a^K^ 

This stability is attributed to their having the ring . , . 

. j u.... trA-.t/.ft with concentrated sulphuric acid, yield 

(4) Aromatic compounds, when trcMcd with CO niace only for paraffins higher 

sulphonic acids, this reaction being known to taKe piacc ou y k 

than hexane. . . • , • u •. 

compo’unr ™rrSSrfalL\‘rorTo occur normaU, »i.h paramns bc.vond 

" Aromatic hydroxy compound, (phenols) arc acidic in nature whereas the 
aliphatic hydroxy compounds (alcohols) are neutral. 
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(7) Aroroatic amino componuds react with nitrous acid at low temperatures, to 
yield diazo compounds. This reaction is not known to occur in aliphatic series. 
Aliphatic amines on treatment with nitrous acid yield alcohols. 

(8) Aromatic hydrocarbons form both addition and substitution compounds 
with halogens whereas the paraflBns form only substitution products. Further, while 
the alkyl halides easily undergo replacement, the aryl halides (aromatic halogen 
compounds) are very stable and do not normally undergo replacement reactions. 


(9) Aromatic compounds undergo typical reactions such as Friedel and C^^ift's 
reaction Perkin’s reaction, Sandmeyer’s reaction, etc., which are not known in 
aliphatics. 

Representation of Benzene. Just as aliphatic compounds are derived 
from the parent compounds, methane and its homologues, the aromatic 
compounds are derived from benzene and its homologues. Benzene is 
represented as a symmetrical hexagonal ring consisting of six carbon 
atoms in one plane with alternate single and double bonds, each carbon 
atom carrying one hydrogen atom as shown in representation (I). For 
the sake of convenience, benzene is usually represented by a regular 
haxagon with alternate single and double bonds ; carbon and hydrogen 
atoms being assumed to be present at each corner [representation (If)). 
Sometimes benzene may also be represented by a plane hexagonal ring ; 
the alternate single and double bonds, carbon and hydrogen atoms 
being assumed to be present [representation (III) ]. This representation 
should, be discouraged as it, in fact, depicts cyclohexane. 


CH 

CH 

(1) 





More recently, benzene has been represented by a hexagon contain- 
ing a dotted circle (IV). It is better than I{or II) in that it emphasizes 
the equivalence of the six carbon— carbon bonds as well as the extraord- 
inary stability of benzene. However, keeping in view the suggestions 
received from majority of fellow teachers, formula 11 will be used in 
the present volume. 

Nomenclature. Like aliphatic compounds, the aromatic compounds 
also form number of different homologous series such as aldehydes, 
ketones, acids, hydroxy derivatives, etc. 

’flic nomenclature of these compounds has been discussed below : 

(1) Aromatic hydrocarbons. Aromatic hydrocarbons form a series 
of compounds having the general formula, CnH^n-o where n is equal to 
6 or more than 6. 

The first member, CcHc, is benzene, the second member.CcHi— CH3, 

IS toluene or methyl benzene, and the third member, C gH,^ is xylene 

\CH 

or dimethyl benzene. Similarly, C6H3(CH3)3is mesitylene or irimethyl 
benzene. 
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Every homologue of benzene consists o' "™ . 

faj Nucleus O’) Suie Cham 

For instance, in case of toluene, we have ; 

^Side Chain) 


CH 



(Nucleus ) 


must be bon. ^ 

l^Srno“"grurau''ac7ed 7t7 benzene Lcreus ’’does not constitute a 

side chain. , , . 

r’un _roOH aliaclied to the nucleus do 
Similarly, t e ^ chain implies an alkyl or a 

not form a side chain. In _p,, qh — CH.R, are all 

substituted alkyl group. For instance. CH:i. . 

side chains. , , , 

. . nf the hvdmgcn atsvns m the benzene 

The or group is calleJ nuclear substitution and 

nucleus by a moiwjalental in of ihe side cham by a 

c rtT «iih«;tttutions by the same group in the sam. 
com'po^ndXn g^^v“ rtsc to products quite dilTerent Iron, one another. 

* /-'-/..inc T ike aliphatic hydrocarbons, the aromatic 

hyd^^7^ns&;;m.ov£., d^.n loss of one. 

two or monovalent croups calledp/ieny foup and 

J;y'?‘g7o7 re^s'pSiy. Another ntonoJalent group, is 

"'l^ZyC.H,CH<, ''-.W, and C H . are divalent 

groups. AndC,H,C<-, oenzuisa trisaleiit ,ioup. 

alkyl groups). 

Isomerism in Benzene Derivatives. As atomi 

molecule is represented by a regular j^ogen atoms are 

(Wing at the corners) m one plane. All tne / ^ ,f , PHX 

equivalent hence only one mono-substitution is only 

,s%ossible; X belong any --™';'2ir"Th7v:r&uI 
one toluene as shown in the formula, me vjn 

the benzene ring are numbered as shown below . 

CH, 
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The numbers are assigned in a regular order in such a way that the 
substituents take the least possible numbers. As in the above formula 
of toluene, the carbon atoms are numbered in a clockwise manner. 

The next homologue, x>lene or dimethyl benzene, can be obtained 
by replacing any one of the remaining five hydrogen atoms of the 
benzene nucleus by a methyl group. A little consideration will show 
that only three xylenes are possibe, v/z., 

CH3 CH3 CH3 

O""- 0-c». 0 

I 

(0 (it) (% 

These three structures are respectively named as or//w-xylene (or 
I : 2 dimethyl benzene), ;«erfl-xylene (or 1:3 dimethyl benzene) and 
para-xylene (or 1 : 4 dimethyl benzene), as disubstituted 1 : 5- and 1 : 6- 
structures are identical with 1 : 3- and 1 : 4- disubstituted compounds 
respectively. Thus, benzene is capable of forming three disubstituted 
derivatives of the type C 8 H 4 X 2 (where X is a monovalent group) having 
the structures. 


X 


I 



1 : 2 Disubstituted 
derivative 

or ortho-derivative 


X 



1 : 3 Disubstituted 


X 

6 

I 

X 

1 : 4 Disubstituted 
derivative or 
para-derivative 


\avajTaiivc ui 

meta-derivative 


These are generally written as o— , m~, andp— derivatives, respective 


In other words, three isomeric compounds, with the same molecula^ 
formula, QU^X.;,, are possible. 

This type of isomerism, which is due to different positions occupied 

by the substituent groups m the benzene ring, is called position isoiner> 

ism. Thus, three xylenes, three dichlorobenzenes, three chlorotoluenes 
are theoretically possible. 

2. ( 1 } Halogen derivatives of benzene. The compounds obtained 

by the replacement of one or more hydrogen atoms of the benzene ring 

by the halogen atoms are called halogen derivatives of benzene. For 
example, 

Monochlorobenzene (or simply chlorobenzene) or phenyl chloride, 
CeHjCI, IS represented as : r j % 

O'" 
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Dichlorobenzene, can exi.t in three isomer.c torn.., Wr., 

ortho, meta and paia, as represented below : 

Cl 


Cl 


Cl 



—Cl 



— Cl 



I 

Cl 


o-Dichlorobenzene m-DiL-hlorobenzcne ;>-Didilorobenzcne 

(ii) Halogen derivatives of toluene. It will now be clear that 
CcHj.CH^, can yield two types of halogen derivatives, v/r . {o 

chain substituted (b) nuclear substituted. 

(a ) Side chain substituted derivatives. These are ^ 

substitution of one or more hydrogen atoms of the side chain b> one or 

more halogen atoms. Thus we have : 



-CH..CI 



^-CHCli 


Benzal chloride 


Ur"' 

Benzoliichlonde 


Benzyl chloride 

(b) Nuclear subslimed derivatives. Tliese 
replacement of one or more hydrogen atoms ol tire benzene mitkus y 

halogen atoms. Thus we have : 


CH 


CH3 

1 


CHa 

I 


CH 


CH 


i 



—Cl 



Cl 




.Cl [Cl— 



-Cl 


oChloro- 

toluene 

or 

o-Tolyl 

chloride 


m*ChlorO' 

toluene 

or 

m-Tolyl 

chloride 


I 

Cl 

/7*ChlorO' 

toluene 

or 

;7-TolyI 

chloride 


Cl 

2 : 4 Di- 

chloro- 

toluenc 


I 

Cl 

2 : 4 : 6 Tn 
chloro- 
tolucnc 


(tf NUro Derivatives. Aromatic nitro derivatives are obtained by 
the ‘reUcement Tone or more hydrogen atoms of the benzene nucleus 

by the nitro groups. For instance. 


NO 


NOa 

I 


CH 3 


til 


3 


C\l, 


o 



— NOa 




• — NO,. 


O.N- 



-NO, 


Nitro- 

benzene 


m-Dinitro- 

benzene 


o-NitrO' 

toluene 


NO2 

2 ; 4 Dinitro 
toluene 


NO,. 

2 ; 4: 6 Tn 
niiro-ioiuene 
(T.N.T). 
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(4) Salpbonic acids. Aromatic sulphonic acids are obtained by the 
replacement of one or more hydrogen atoms of the nucleus by sulphonic 

acid group (/.e..-S 02 . 0 H). For example. 

SO2.OH CH, CH3 SOo.OH 




1 


“-SO2OH 


o 



— SOj.OH 


Benzene 
sulphonic acid 


SO2.OH 

p-ToJuene p-Toluene m-Benzene 

sulphonic acid sulphonic acid disulphonic acid 

(5) Amino derivatives. Two types of amino derivatives are possible 

depending upon whether the nuclear hydrogen atom or a hydrogen 

atom of the side Cham IS replaced by an aminof-NHs) group. For 
example, s © r 

CH 

% 

I 


NHa 

I 


CH, 


NH 


NH.CH 3 


(i) 


o o 


I— NH* 




AminobCDzcne o-Amino 
or toluene 

Aniline or 

o-ToIuidine 


(ii) 



1 

NHj 

^ NHj 


P'Amino 

m-Diamino- 

Mcfhyl- 

toluene 

benzene 

aoilioe 

or 

or 


p-Toluidine 

m-Phenylene 


• 

diamine 



— CH,NH 





Benzyl amine 

(6) Diazo-compounds or diazonium salts. These are obtained by the 

replacenient of nuclear hydrogen atom by a diazo group.— N=NX 
(where X IS an anion, Cl,— HSO 4 ) generally called a diazonium 

group. For instance, 

j|^pN=N-OH 

Benzene diazonium chloride Benzene diazonium hydroxide 

(7) Aromatic hydroxy compounds. The nuclear hydroxy derivatives 
ot aromatic hydrocarbons are known as phenols and the side chain sub- 
stituted compounds are called aromatic alcohols. For example 

OH OH OH 

I I 


0 6 


-CH 



-CH 


Hydroxy 

benzene 

or 

Phenol 


O'Hydroxy 

toluene 

or 

o-Cresol 


m-Hydroxy 

toluene 

or 

w-Cresol 




— CHoOH 


p-Hydroxy 

toluene 

or 

p-Cresol 


Benzyl alcohol 
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(8) Aromatic aldehydes. These compounds contain an aldeh\dic group 
<Jjreclly linked to the’ benzene nucleus and are named after the name of 
the acid they produce on oxidation. For example, 

Q-c„„ 

Benzaldehyde o-Hydroxy benzyledhyde or 

SalicyUldehyde 

(9) Aromatic ketones. Here the ketonic group (>C = 0) is directly 
linked to the benzene nucleus. For instance, 

jj^“COCH3 CO.QHs 

Phenyl methyl ketone Diphenylkctone or 

or Acetophenone Benzophenone 


O — OH 

—CKO 


(10) Aromatic carboxylic acids. These are obtained 
ment of one or more hydrogen atoms of the benzene 
-carboxyl graups. For example, 


by the rcplace- 
nuclcus by the 


Q-COOH Q-~on 

Benzoic acid o-Bcnzenc 

dlcarboxylic acid 

or 

o-Phihalic acid 


0 -COOH fj^-COOH 
-OH ^-CH3 

o-Hydroxy o*Tolune 

benzoic acid carboxylic acid 
or or 

Salicylic acid o-Meihyl- 

benzoic acid 
or o-Toluic acid 


The group, CsHjCO— , jj^_C0— , is called the benzoyl group. 

(II) Derivatives of carboxylic acids. Just as the fatty acids lorrn 
acid derivatives (such as acid chlorides, acid amides, anhydrides, esters) 
the aromatic acids, too, form similar compounds. For example. 


Benzoyl chloride, 
Denzamide, 


Benzoic anhydride. 


Phthalic anhydride. 


CfiHiCOv 
CoHoCCK 


or 


Q-C.C 




Methyl benzoate, 


-COOCHa 
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QUESTIONS 

1. Define the terms ‘Nucleus’ and ‘Side Chain’ as applied to aromatic . com*' 
pounds. Illustrate your answer with examples. 

2. What do you understand by the term ‘aromatics’? What are the distin- 
guishing features of such compounds as compared to their aliphatic counterparts ? 

3. Explain the following : 

Ortho, para, and meta as applied to aromatic compounds. Illustrate your 
answer with at least two examples of each. 

4. Write structural formulae for the following : 

(/) Aniline (//) Phenol (tVO P*Chlorotoluene (iv) m-Dinitrobenzene (v) 2:4: 
Triniirobenzcne (v/) o*Hydroxy benzaldehvde (v/V) Benzyl alcohol fvw 
Phfhalic acid (ix) Benzal chloride (.v) m*Xylene (.vi) Acetophenone (xti) 
Benzoyl chloride. 

5. Define an aryl group. Write the formula and names of common aryl groups 

6. Give the names of the following structures : 


CH, CHa 



I 

SO3H 


7. Name the various classes of aromatic compounds, giving the formula and 
name of at least one member of each class. 

8. How many isomers are possible in case of (/) Monosubstituted benzene. 

(it) Disubstiluted benzene ? Give reasons for your answer in the two cases. 

(Patijab Inter I95SI 

9. What do you understand by the term : Ring and chain substitutions ? 

(Pan Jab Inter 1957) 

lO. What is meant by the term : side chain? 

Give a few instances of compounds containing side chain. 

(Pan jab Inter 1948) 
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COAL TAR AND ITS PRODUCTS 


Aromatic compounds are widely distributed in nature, in plants and 
animals but the most important and abundant source of aromatic 
compounds is coal tar- the dark viscous liquid obtained during the 
destructive distillation of coal at temperatures above 10C0^ 

Coal and its Destructive Distillation. The slow decomposition ot 
wood under high pressure and high temperature, in the interior of the 
earth, produces coal which is a mixture of complex organic compounds 
along with free carbon. Bituminous coal, for instance, contains about 
30_40 per cent of volatile matter. 

Coal is destructively distilled (/.c., stroiigh heated out of contact with 
air) in fire clay or iron retorts at 1,000— 1 .4(i0’. The following products 

are obtained : 

Bituminous Coal (100 parts by weight) 


Destructively distilled 


Solid residue 
Coke 
(70 parts) 


Hot volatile pioducls 
cooled and passed through 
water 



I 

Upper layer 
Ammoniacal liquor 
(8—10 parts) 


Condensed Jind aqueous 
solution allowed to stand 


Lower layer 
Coal far 
(3-5 parts) 


Insoluble 
uascs 
Coal ^us 
(17 pans) 


The destructive distillation of coal is carried out chiefiy for two pur- 
poses : (a) for the production of coke required for the metallurgy o 

iron and (b) for the manufacture of coal gas nccdid as a household 

fuel. 


Recently, a new process for the carboni 2 ation {i e . 
coal has been put into use. This process, known as the low 


dosiruclivc distillation) 
temperature earbonizutioD - 
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DISTILLATION OP COAL TAR 


■ consists in heating coal at 600’’ under reduced pressure, when a smokeless fuel, coalite 
is obtained. This process yields less volume of coal gas but the amount of coal tar is 
doubled. This coal tar contains a predominating percentage of aliphatic hydro* 
carbons, from which motor spirit is made. 

Distillation of Coal Tar. The coal tar is a black viscous oily liquid 
possessing an unpleasant smell. At one time, it was considered to be a 
waste and a veritable nuisance, but today it is an extremely important 
source of a large variety of raw materials for the manufacture of a 
number of important products such as drugs, dyes, perfumes, explosives 
plastics, etc. 

Coal tar is a complex mixture of organic substances and suspended 
free carbon with varying amounts of water. The main constituents 
present in coal tar are : 

Neutral substances : Benzene, toluene, xylenes, naphthalene, anthra- 
cene. 

Acidic substances : Carbolic acid (phenol) and cresols. 

Basic substances : Pyridine, quinoline, etc. 

The various substances present in coal tar are isolated by fractional 
distillation. A diagram of the distillation plant is shown in Fig. 1. 



l ig. 1. Distillation of Coal Tar. 

The first step is to eliminate water from the coal tar. This is 
essential as otherwise the water will cause a lot of undesirable frothing 
-during the distillation. For this purpose, coal tar is first taken in a ‘pre- 
heater' having a set of condensing coils carrying hot vapours from the 
iron still (Fig. 1). This heat is utilised in evaporating off the water 
present in coal tar. The water vapour obtained herein also carry along 
•some low boiling hydrocarbons and are condensed in the condensing 
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pipes immersed in water as shown on the exlreme right of the figure. The 
dehydrated tar is then led into a large dome-shaped vertical wrought 
iron still, (capacity 15 — 20 tons) with a raised bottom and heated by 
direct fire. Tl'e iron still is also fitted with a steam coil, a thermometer 
and a worm condenser which is passing through the preheater. The 
various fractions distilling over at different temperature ranges are 
collected in different receivers. Towards the end of the operation, a 
black mass called pitch is left in the still. In order to prevent its cak- 
ing, steam is passed through the steam pipe. The raised bottom helps 
in draining out the pitch easily and also in carrying heat into the 
interior ol the mass. The various fractions obtained along with their 
temperature ranges and the compounds they contain are given in 
Table 1. 


T.\BLE 1 

Products of Coal Tar Distillation 


S.No. 

1 

Name oi the fraction \ 

1 1 

Temperature 

ranee 

j.Vpproximatc 

1 >ieldC»o) 

Principal components 

i: 

Light oil or crude ' 
naphtha 

up to 170'^ 1 

2-5 ' 

ficnzonc. lulucne ' 
xylene. 

2. 

Middle oil or carbolic 
oil. 

170-330- j 

1 

8—10 

Phenol and naph- 
ihaleno. 

3. 

Heavy oil or creosote 
oil. 

230-270 

8-10 

1 

Naplutulene. naph- 
thol and cresols. 

4. 

Green oil or an- 
, thracene oil. 

270-400- 

1 

16-20 

Anthrance. 

5. 

p Pitch (rtwiduci. 


50-60 

Carbon. 


(1) Light Oil or Crude Naphtha. (Up to 170")- This fraction is so 
named as it is lighter than water. It contains mostly neutral li>dro- 
carbons, benzene, toluene, xylene along with a little ol thiophene. 
Besides these, some phenol and pyridine arc also present. The light oil 
is washed successively with sulphuric acid, water, sodium hydroxide 
and water. The acid treatment removes basic substances like pyridine 
and also removes a part of thiophene. The alkali treatment eliminates 
phenols. The washed light oil is then redistilled when ilic following 
fractions are obtained : 

(i) 90'\, Benzol {\ip to 110") 

(ii) 50"o Benzol {WO— 

(Hi) Solvint naphtha or benzine (140—170 ) 

(i) The 90'\, Benzol contains about 70' ,, benzene. 24 per cent 
toluene and the rest Is xylene. It is called 90" . benzol because 100 ml. 
of this fraction when distilled up to 100° yields a distillate measuring 90 
ml. This is the most important source of benzene. 

Recovery of benzene. The ‘90"o benzol’ is subjected to fractional 

distillation and the fraction passing over belw'ccn 80-82° is collected. 

It gives almost pure benzene and can be put to commcrical use as such. 
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MIDDLE OIL 


In order to get a pure sample of benzene for laboratory use, the 

•commerical benzene is cooled when crystals of benzene are obtained 
which are rapidly filtered and remelted. This sample still contains 
some thiophene (b.p. 84^ very much close to that of benzene). 
to remove thiophene completely, benzene is repeatedly agitated with 
cold concentrated sulphuric acid till the whole of thiophene is dissolved 
out as thiophene sulphate.* Benzene is then redistilled to get a pure 

sample. 

(1) The * 50 ',, ftenror contains about 46 per cent benzene, a small 
percentage of xvlene and the rest is all toluene. It is called 50^> benzol 
because loo mf. of this fraction when distilled up to 100" yield 50 ml. ot 

distillate. 

The 50 benzol forms the most important source of toluene, from 
which the latter is recovered by careful fractionation. The fraction, dis- 
tilling over at 1 10- 1 1 1", is pure toluene. 

Hi) The solvent naphtha contains mainly xylenes, trimethyl benzenes 
and i^opropyl benzene. 

All these fractions are used in commerce as a fuel, as dry cleaning 
agents and as industrial solvents for resins, rubber, paints, etc. 

(2) Middle on or Carbolic Oil (170-230°). It consists mainly 
of phen('l and napiuhalene along with some cresols. In order to recover 
these compounds, the middle oil is treated with a 10 per cent solution 
of sodium hydroxide when all the phenols dissolve as sodium salt. 
Plienol. for instance, forms sodium phenate : 


0 
Phenol 


-OH f NaOH 



HaO 


The aqueous layer containing sodium phenate and sodium salts of other 
f-henols is separated and concentrated. Carbon dioxide is then passed 
into the solution when phenols are regenerated. For example, 

=0 

Sod. phenate Phenol 


ONa 


4 CO 2 • ICO 



-OH 


-f Na,C03 


The oily la>er of phenols is separated from sodium carbonate solution 
and distilled using condensing coils of zinc or silver. The distillate on 
cooling throws out the crystals of phenol whereas the cresols are left in 
the mother liquor. 


The residue of middle oil. after the separation of the aqueous layer, 
is allowed t-^ stand when napthalene crystallises out which is centrifuged 
and pressed. The crystals after melting maybe agitated successively 
with conccntraied ^ulphur^c acid and caustic soda solution. The 
naphthalene then purified by sublimation or distillation. 


• \hscni.c of iliiophonc is tc^tcd bv iridophe/un lest which consists in shaking a 
crv'tnl of mdiuo wiih benzene .and sulphuric acid. Non-appearance of a deep blue 
colour indicates the absence of thiophene in the sample of benzene. 
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Alternatively, the middle oil fraction is cooled, when naphthalene 
•separates out. It is purified as above. The mother liquor containing 
iphenol and cresols is treated with sodium hydroxide solution when 
phenol and cresols dissolve as sodium salts. The aqueous layer is 
separated and acidified with dilute sulphuric acid when phenol and 

• cresols are regenerated. The oily layer is separated, washed, dried and 

• distilled fractionally to separate the phenols. 

Phenol is used for preparing explosives, dyes, disinfectants, bakelite 
plastics, etc. Naphthalene is employed for the manufacture of dyes 
.and drugs. 

(3) Heavy oil or Creosote oil (230 — 270°). This fraction is heavier 
than water and hence its name. It is not subjected to any treatment 
and is used as such for preservation of limber and preparation of 
insecticides. 

(4) Anthracene oil or Green oil (270—400°). This fraction contains 
mainly anthracene which crystallises out on cooling. It is separated by 
■vacuum filtration, purified and used for the preparation of dyes. 


(5) Pitch. The pilch is used for tarring of roads. It is also used 
for water-proofing and in making acid-resistant stone-wares. It also 
finds application as a binding and insulating material. 

It may be of interest to know that one ion of coal yields 10-12 gallons of tar 
•which on proper treatment yields 3i lb. of benzene and toluene, U lb. of phenol, 6 

lib. of crcsol, 5—20 lb. of naphthalene and i lb. of anthracene. 


SUMMARY 


COAL TAR 


80—170® 170-230® 230-270® 270—400’ 



Cooled ber and for of dyes, 
preparation of 
insecticides. 


Residue 


Pitch 


Used tor lurring 
of roads, water 
proofing, insula- 
tions, and black 
paints. 


Naphthalene 

i 

Phenols 

— ^ 1 

Phenol, C,ill:,OH 


Used in the 
manufacture of 
ojycs and drugs. 


Used for preparing 
explosives, dyes, disin- 
fectants, bikclitc plas- 
tics, etc. 
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QUESTIONS 


S0 -11Q° 

I 

90% Benzol 

Distil I ‘80- Sr’ 

▼ 

Benzene 


LIGHT OIL 


110—140® 

1 

50% Benzol 

Distii.j iio-nr 


Tolaeae 


140-170® 


Solvent Naphtha 

_ 


Xylenes, etc. 


QUESTIONS 

1. Name the chief sources of aromatic compounds. Describe the main fraction? 
of coal tar distillation. 

2. How would you obtain (a) Pure benzene from light oil and (b) Phenol 
from middle oil ? 

3. Write an essay on coal tar distillation 

4. ' Coal has a special signihcancc for an organic chemist.” Discuss and justify 
this statement. 


5. (fl) How is phenol isolated from ‘middle oil’ fraction of coal tar distill- 
• (Panjab Inter 1961S} 

(b) Write about 10 lines on light oil fraction of coal tar distillation. 

(Pan jab Inter 1959 S) 


6. pi'Cuss the Fractional Distillation of coal tar to show that it is an important 
source of aromatic compounds. (Panjab Inter 1954} 

1. Describe how pure benzene is obtained from coal tar. 

(Panjab Inter 1953, 1948) 

■ commercial benzene which was obtained by fraction- 

ating 90, o benzol ? Then, how will you show the absence of impurity in it ? 


y. Give an account of the process of isolation of 
traction ol co.il tar. 

i '. Describe the preparation of toluene from 50% 


(Pan jab Inter 1951 S) 
phenol from the middle oil 
(Pan jab Inter 1951) 

benzol. (Panjob ^^0 





CHAPTER XLIV 


BENZENE AND ITS HOMOLOGUES 


The parent compound of the aromatic hydrocarbons is benzene, 

subsequent members are toluene, QH5.CH3, xylene, 
C,6H4(CH3)2, mesitylene, C6H3(CH3)3 and so on. These hydrocarbons 
can be represented by a geuera! formula C„H2,._6 where n is 6 or a 
higher number. 

t ^ t . A.1^ * t * n > m 3 1 3moiints in natural petro- 

leum but their chief source is coal tar. 

General Methods of Preparation. (I ) By distilling sodium salt of the 
corresponding carboxylic acid with soda lime. For example. 




+ NaoCOa 
Bcozcoe 



CaO 



--CH3 


f NaaCOa 


CaO 

- COONa -i- NaO H — ► 

Sodium benzoate 
1 -CH 3 

-COONa 4- NaOH 

Sodium-O'toluate loluene 

( 2 ) By distilling phenols with zinc dust. For example 

?!!::' Q ^ 

Phenol 

Distil _ 

^ ^ ri^i 

+ ZnO 




-CHa 


-f- Zn 


Benzene 

-CHa 


-OH 
O'Cresol 



Toluene 


( 3 ) By reducing the corresponding diazonium salt with alkaline sodium 
stannite. 


Q-N=N-a 

Benzene 

diazonium chloride 


2H 



NaaSnOa 


+ N. + HCI 
Benzene 
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METHODS OF PREPARATION 


a CHa 

N=N-C1 

o-To!uene diazonium 
chloride 


[SnClj + 2NaOH 

NaaSnOa -f HjO 


+ Na + HCl 

NaaSnOa 

Toluene 

Na^SoO, + 2HCI 

Sod. stannite 

Na^SnOa + 2H] 

Sod. staooate 


(4) By hydrolysing the corresponding sulphonic acid with superheated 
steam or by boiling with a dilute mineral acid. 

Superheated stcarort"'^ 


pSOa-OH 

Benzene 
sulphonic acid 


+ HiO ^ ||^ + H2SO4 


or mineral acid 


Benzene 



+H,0 


Hydrolysis 


0 

Toluene 


-CH 3 


+ H2SO4 


-CH3 
-SOaOH 

o-Toluene sulphonic acid 

(5) By treating the corresponding Grignard reagent with water or an 
alkyl halide. 

HOH 
Warm 

Phenyl mag. bromide Benzene 



-Mg-Br 



+ Mg(OH)Br 


Mg-Br -I- Br CH 3 
^ Methyl 

Phenyl mag. bromide bromide 



-CR 


Toluene 


(6) By treating an aryl halide with an alkyl halide in the presence of 

dry sodium and dry ether (Wurtz^Fittig's reaction). 


Ether 


C 

Cidorotenzene 


CHa 

Methyl 

chloride 





+ 2NaCl 


Toluene 


Benzene cannot be prepared by this method. 

(7) By treating benzene with an alkyl halide in the presence of anhy- 
drous aluminium chloride as a catayst (Friedel and Craft's reaction). 

Anhyd. AlClg 

H i- Cl CH3 ^ 

Mclhvl 

Benzene chloride Toluene 

Evidently benzene cannot be prepared by this method also. However, 
this is the best method for converting benzene into its higher homolo- 
gues. 



-CH 3 


+ HCI 
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Physical Properties. The lower members are colourless highly 
refracting liquids, with a characteristic aromatic odour. They are 
immiscible with water but dissolve freely inorganic solvents. Their 
boiling points increase with increase in molecular weights They are 
highly inflammable and their vapour are toxic in nature. The lowest 
members are excellent solvents for oils, fats, resins, sulphur, etc. 

Chemical Properties. The benzene ring present in aromatic hydro- 
carbons is highly stable and is not attacked by any of the reagents, such 
as acids, alkalies, oxidising agents, etc. The side chains, however, are 
easily oxidised to carboxylic groups with acidic potassium permanga- 
nate. The hydrogen atoms present in the nucleus or m the side chain 
readily undergo substitution reactions (c/. alkanes). The important 
reactions of aromatic hydrocarbons are : 

I. Replacement Reactions 

(1) Halogenation. In the presence of a halogen carrier, like iodine 
or iron, at ordinary temperatures, nuclear substituted derivatives are 
lormed with chlorine or bromine. 


Halogen carrier 

H + Cl —Cl — ► jj^_CI 4- HCl 

Toluene Chlorobenzene 

On prolonged treatment, other hydrogen atoms are also successively 
replaced yielding ultimately hexachlorobenzene, CoCIc. 

With toluene under the above conditions the reaction takes place 
as under ; 



Halogen carrier 

- Cn?- * a-0'™ 

Toluene o Chloro toluene yj-Chloro toluene 

In the absence of a halogen carrier and at boiling temperatures, the 
substitution takes place in the side chain when all the three hydrogen 
atoms are successively replaced by halogen atoms. 

CI2 <^'2 



- CH 


Boiling temp. 



Boiling temp. 



Toluene 


-CHCl.. 


Bcnziil chloride 


Benzyl chloride 

£1^ rt^-cci3 

Boiling temp. 

Bcnzoiricfiloridc 

With iodine, the reaction is reversible as the HI formed reduces Die 
iodo derivative back to the parent hydrocarbon. Thus. : 



Benzene 



lodobcnzene 


+ HI 
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But at high temperatures and in the presence of oxidising agents 
like iodic acid, hydriodic acid is removed from the sphere of action 
(2HI + O-^HaO -f la) and the reaction proceeds to completion 
yielding iodobenzeoe. 

(2) Nitration. With concentrated nitric acid (in the presence of 
concentrated sulphuric acid), one or more hydrogen atoms of the ben- 
zene nucleus are replaced by the nitro {— NOa) groups. This process 
is known as nitration. 


H + HO NO* 


0 



-CH 


Benzene 

On a more drastic treatment, di- and tri-nitrobenzenes can be formed. 

Toluene reacts as under : 

Cone. HNO 3 CHs CH 3 

-NO2 OgN-ll^ 

Toluene o*Nilrotoluene p-Nitrotoluene 

Treatment with excess of concentrated nitric acid results in the for- 
mation of di-and tri-nitrotoluene. 


0 



o*Nitrotolueoc 



-CH8 

-NO2 


or Cone. HNO3 

O2N- 

Cooc. HaS04 

p-Nitrotoluene 2 : 4-DtnitrotolueDe 

NO2 


I 


HNO3 cooc. 
H 2 SO 4 fuming 


pCHa 


-U- 

2:4:6 Trinitrotoluene (T.N.T.) 


(3) Sulphonation. When boiled with concentrated sulphuric acid for 
a long time, one or more hydrogen atoms of the benzene nucleus are 
replaced by the sulphonic acid group (— SOg.OH). This process is 
known as sulphonation. For example, 


O -H + HO.SOjOH Boil for 24 hours 

^,0 ll^-SO,OH 

Benzene Benzene sulphonicad ci 

0 -CH 3 

ti^-SOo.OH HO.OaS-li^ 

Toluene o-Tcluene sulphonic acid p-Toluene sulphonic acid 

(4) Alkylation. On treatment with alkyl halides in the presence of 
anhydrous aluminium chloride (Friedel and Craft's reaction), the hydro- 
pen atoms of the nucleus are replaced by the alkyl radicals. This process 
is known as alkylation. For example, 
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H + CI CH3 Aohyd. AICI3 



-CH 


+ HCl 


Beozene 

-CH3 CH3CI 
Anhyd. AlCl 


Toluene 




-CH 


+ 


HaC- 



-CH 


-CH3 

Toluene o-Xylene p-Xylene 

With the help of Fnedel and Craft's reaction, benzene (or its homo- 
logues) can be converted directly into aldehydes, ketones, acids, amides, 
acid chlorides, and so on, as shown below : 





O 


HCl -- CO 


-CHO 



H + Cl — ► (I 'j-— 

c I ui AICI 3 anhyd. 

Formyl chloride •' j 

Benzaldehyde 

AICI 3 anhyd. ff^-CO.CHs 





- H + Cl CO.CH3 
Acetyl chloride 

_ H + Cl .COOH 

Chloroformic acid 

_ H + Cl CONHa 

Chloroformamide 

- H + Cl ; CHCI2 
Chloroform 



HCl 


Acetophenone 

AICI3 anhyd. rt^-COOH 



+ HCl 


Benzoic acid 

AICI3 anyhd. fT^-CONHj 



- + HCl 


Benzamide 
AICI3 anhyd. 

,-CHC! 



+ HCl 



AlCIa anhyd. 

- H + Cl COCl ^ 

Carbonyl chloride 


Benzal chloride 


-CHCI 


Benzoyl chloride 



+ HCl 


II. Addition Reactions. 

anH it«i homoloeues add up hydrogen and halogens (chlorine 
or b“) “o‘‘gl«''cre‘s“pfnd^^ng add^i.io^n products. Benrenc adds up 

°“m^i;d"mo:"orh";dr:rer'K a mixture of benxene and hydrogen 
vap^u^s it " ov'^r h^Iy divided nickel at 150”. hexahydro benzene 

(cyclohexane) is lormed. 



+ 3H 


Benzene 


CH3 

Niat 150^ HjCj^SCHa 
H^Cv^CHa 
Cti-i 

Hexahydrobenzene 
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It is of interest to note that hexahydrobenzene (or cyclohexane) 
does not possess any of the aromatic properties. 



Toluene 


Niat 150® 


CHa 

iCH-CHa 

fcHa 

CHa 

Hexahydfotoluene 


\-n 

HaC|^( 

HaCs^( 


(2) Addition of halogens. Benzene adds up chlorine and bromine 
in the presence of direct sunlight and in the absence of a catalyst to form 
ultimately benzene haxachloride and benzene hexabromide respectively. 



+ 3Cl2 


Benzene 


Sunlight 


No catalyst 


CHCl 

CIHC f^CHCl 
CIHC Is^CHCl 
CHCl 

Benzene hexachloride 


(Q) + 3Br, 

Benzene 


Sunlight 
No catalyst 


CHBr 

BrCHr^CHBr 
BrHC iv^CHBr 
CHBr 

Benzene hexabromide 


(3) Addition of ozone. Benzene adds up ozone forming benzene 
tnozonide. 


HC 




CH 


o \ 

CK 


\ 


CH 


HC 


+303 


HC. CH 
'^CH 


BENZENE 


CH 


HC CH 

BENZENE THJOZONIDE 


X 


III. Oxidation 

(i) Benzene is not attacked by oxiaising agents like potassium per- 
manganate and dichroniate. However, vapour phase oxidation of 
benzene is quickly brought about by passing its vapour over Vanadium 
penioxidc iieated to 500*, in the presence of air, to yield maleic 
anhydride. Benzene ring gets ruptured in this case. 
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(O) air 

VaOg.SOO 


Benzene 


CHCOOH 

il 

CHCOOH 
Maleic acid 


-HO. CH-CO 
4 

CH-CO 


\ 


o 


Maleic anhydride 


(i) Toluene and other homologues are readily 
ium permanganate when the side chain is oxidised to carboxyl 

group. 


-CHa 



3(0) 

KMnOi 

6(0) 

KMn04 

6 ( 0 ) 

KMnOi 



-COOH 


Benzoic acid 

i-COOH 
-COOH 

t>-Phthalic acid 
-COOH 


H.O 



+ 2H,.0 



H CO2 + 2H2O 


Benzoic acid 



-CH 3 


Ethyl Denzcne - 

It is of interest to note that the side chain /low^ver long it may be, 
oxidised by permanganate to a single carboxyl group. 

With milder oxidising agents like chroniyl chloride ^CrOjCIj). man- 
ganic dioxide and sulphuric acid, toluene is oxidised to benzaldehyde. 

CrOgCIa or j|'^-CHO ^ ^ ^ 

Mn 0 o/H.>S 04 V , 

T luene Benzaldehyde 

(Hi) Aromatic hydrocarbons burn with a smoky flame, giving 

carbon dioxide and water. 

2CttHo 4- I 5 O 2 12C02 + 6Ha0 

INDIVIDUAL MEMBERS 

BENZENE, CeHo 

Benzene was obtained for the first time in 1825 by Faraday, who 
•.,.i»t,.d k from an oil condensed in cylinders carrying compressed 

Inuminating gas (coal L'S 

and''hencTits°7amr In 1845, Hofmann discovered benzene m coal 
mr which continues to be the richest source of benzene. 

preparation). 

Benzene can also be prepared by the polymerisation of acetylene by 
passing k through a red hot silica or copper tube. 
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SCgHg 

Acetylene 


Polymerisation 




Benzene 


It is also obtained in quantitative yield when phenyl hydrazine is 
warmed with an aqueous solution of copper sulphate or ferric chloride. 

O -NHNH, 

' ^ 2CUSO4 + H.O — ^ + Ng + CuaO + 2H2SO4 

Phenyi hydrazine Benzene 


Industrial Preparation. (I) From coal tar. The most important source 
of benzene is coal tar from which it is recovered as discussed earlier. 

(2) From coke-oven gas. When coal is destructively distilled for the 
manutaciure of coke, the coal gas obtained is very rich in aromatic 
hydrocarbons like benzene, toluene, xylene, etc. This gas is passed up a 
tower from the top of which creosote oil is sprayed. The aromatic 
hydrocarbons are dissolved by creosote oil from which they are 
recovered as light oil by steam distillation and are then separated by 
fractionation, as already described. 


pctrolenm. The lower boiling fractions of petroleum dis- 
tillation are subjected to a process known as ^ hydroforming" in which 
the vapours of the petroleum fractions are passed through a catalyst 

molybdenum or vanadium oxide supported on alumina at 
500 and under 10—20 atmospheres pressure. Thus, the paraffin, 
rt-hexane, present in petroleum, undergoes dehydrogenation and 
cyclisation to yield benzene. 



/i-Hexane 


Dehydrogenation and 



cyclisation 



Benzene 


Physical Properties. Benzene (m.p. 5*5®,b.p. 80‘1®) is a colourless, 
inflammable liquid with a characteristic aromatic smell. It is insoluble 
in water but soluble in organic solvents. It is an excellent solvent for 
oils, lats, resins, sulphur, iodine, etc. Benzene is lighter than water 
{density=0 899 at 0®). 


Chemical Properties. Benzene is a stable compound and is not 
attacked by acids, alkalies, and oxidising agents. It, however, undergoes 
a variety of substitution reactions such as nitration^ sulphonation, 
halogenation and alkylation. Under suitable conditions it also gives 
addition reactions with hydrogen, halogens and ozone. On drastic 
oxidation it yields malcic anhydride. All these properties have already 
been discussed in details (see general properties). 
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Uses. Benzene is used : 

(i) As a motor fuel along with petrol. 

(ii) As an excellent solvent for oils, fats, waxes, resins, iodine, 
sulphur, phosphorus, etc. 

(iiij In dry cleaning. 

(iv) As a raw material for the large scale production of many useful 
compounds such as nitrobenzene, aniline, benzaldehyde, phenol, 
gammexaneian efficient insecticide) and also m the preparation of dyes, 
drugs and explosives. 

Constitution of Benzene. 

(1) The qualitatjve and quantitative analyses show that the 
molecular formula of benzene is CgHg. 

(2) Benzene appears to be a highly unsaturated compound as the 
corresponding alkane would be hexane (C,;H, 4 ). Keeping in view the 
tetravalency of carbon and monovalency of hydrogen, benzene could 
be represented by any one of the following open chain formulae : 

(I) HC=C— CH.,— CH2-C=CH 

(II) HoC=CH— C=C-CH=CH2 

(III) H3C-C=C-C=C-CH3 

(3) But benzene does not show the characteristic reactions of com- 
pounds containing double or triple bonds as 

(i) it does not react with alkalire potassium permanganate 
(Baeyer’s reagent). 

(ii) it fails to decolorise bromine water. 

(Hi) it does not add up hydrogen halides or hypochlorous acid. 

(iv) it is not affected by cold concentrated sulphuric acid. 

(4) At the same time, it does show some addition reactions, such as 

(i) catalytic addition of hydrogen to give a hexahydro-compound, 

‘CaHij. 

(ii) addition of halogens, at high temperature and in the presence 
of sunlight, to give hexa halogen derivatives. 

(Hi) addition of three molecules of ozone to form a triozonide. 

(5) The above facts taken together prove that although benzene 
contains unsaturation, yet this unsaturation is not of the type show by 
ethylene or acetylene. Hence the problem is to indicate unsaturation 
of benzene, somehow, which should be different from that which occurs 
in aliphatic compounds. 

Along with this, there are two more facts which should be kept in 
view while assigning a structural formula to benzene, viz., 

(i) Benzene forms only one monosubslitution product of the type 
■CoHftX where X is a monovalent atom or group. 
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(ii) Benzene forms three and only three types of isomeric di^bsti- 
tution products of the type or CgH^XY where X and Y are 

monovalent atoms or groups. 

While the first fact points out that ail the six hydrogen atoms of 
benzene are equivalent (cf. structure of methane), the second fact slmws 
that the hydrogen atoms are occupying such positions that they fornt 
three and only three different pairs. 

(6) Taking into consideration the above facts, Kekule, a German 
chemist, in 1865, suggested that benzene could be represented as a 
regular hexagon with a — CH group present at each of its corners and 
to account for the tetravalency and monovalency of carbon and 
hydrogen respectively, he suggested the presence of alternate single and 
double bonds in its formula. Thus, benzene could be represented as 


CH 

CH 


(7) This structure contains three double bonds and at once 
accounts for : 


(i) The addition of three molecules of hydrogen, three molecules of 
chlorine and three molecules of ozone. 


(ii) The formation of one and only one monosubstitution product of 
the type QH^X. Since all the hydrogens are identical, any one of them 
can be replaced by the group X giving only one monosubstitution 
product. 


(Hi) The formation of only three isomeric disubslitution derivatives 
of the type or CeH 4 XY. These will be 1 : 2, I : 3 and 1 : 4 

disubstituted products as 1 : 5 and 1:6 disubstituted products will be 
equivalent to I : 3 and 1 : 2 compounds respectively. Thus, the three 
disubstituted derivatives would be 


XXX 



X 

1 : 2 Disubstituted 1 : 3 Disubstituted 1 : 4 Disubstituted 
derivative (o-) derivative (m— ) derivative (/>— ) 

(8) The above representation of benzene, however, suffered from 
two defects ; 


(i) There are three double bonds in the structure and hence benzene 
must be a highly unsalnrated compound whereas, in actual practice,, 
benzene behaves more like a saturated than an unsaturated compound. 
U cives subsliiuiion reactions more easily than the addition reactions. 
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(ii) There should be two I : 2 or orr/jo-disubstitution products accord- 
ing as the two substituents are present across a single bond or across a 
double bond as represented below : 



But actually only one 1 : 2 disubstituted product is known. 

(9) To meet with the above objections, Kekule (1872) suggested 
that : 

(i) The double bonds, when present in a closed chain or ring com- 
pound. would behave differently than when present in an open chain 

compound, and 

(ii) The formula of benzene is not a static but a dyrarnic one, that 
is, single and double bonds are continuously changing positions. Thus, 
the true representation of the benzene molecule will be 



Obviously, the positions 1 ; 2 and 1 : 6 will be identical. 

(10) The equivalence of all the six carbon atoms in benzene is best 
represented at the present time by a haxagon containing a circle, v/r.. 



(ID The extraordinary stability of benzene is ascribed to the fact that benzene 

i$ a resonance* hybrid of various structures and is represented as below . 



TOLUENE, METHYL BENZENE. 

Toluene occurs in a resin known as toiu balsam from which it is 
obtained by distillation. The chief source of toluene, however, is coal 

tar. 

•Sometimes a compound is capable of being represented by two or more dillcrent 
structures (as in case of benzene) such tli.il these structures d.fTcr from each other 
only in respect of the distribution of electrons, the position of various atoms renuin- 
ing identical in all these structures. Such a compound is said to be a resonance 
hybrid of all these structures, which arc called resonoiing fi rms, and it is alw .iss more 
stable than could be expected from any of its resonating lorms. A detailed di-.vussion 
of the formation of resonance hybrids is, however, beyond tlic scope of tiie book. 
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TOLUENE 


or 



Preparation. Toluene can be prepared by any of the general methods 
‘S^Pr^ommSrci^nlls obtained from the light oil fraction of 

^°1t'cln alto be*’preparer’industrially from petroleum. The hydro- 

senc/o? caffi V,0,. at 500“ and 10-20 atmosphere pressure. 

.^^3 CH 

CHo CHn-CHg Hydroforming HCrf^^-CH- rT'^-CH 

I ■ ' ' HCII^CH 

V / 

CH.> 

n-Heptane Toluene 

Physical Properties. Like benzene, toluene is a 
hie liauid It boils at 110 6® and can be cooled to give crystals melting 
at —9^8“. It is immiscible with water but is miscible with organic solvents. 
It has a characteristic smell resembling that of benzene. 

Chemical Properties. Toluene gives all the reactions discussed under 
the general properties of aromatic hydrocarbons. Thus, toluene can be 
easify nitrated, sulphonated. halogenated (in the nucleus well as » 
the side chain) and alkylated. It can be readily 

permanganate or chromic acid to give benzoic acid and by chromyl 
chloride or manganese dioxide and sulphuric acid to give benzaldehyde 

^^^Vses^^^TolS^is used as a solvent in industry and for 
faciure of ihe well-known explosive T.N.T. (trinitrotoluene), 
benzaldehyde, etc. It is also used for the preparation of dyes and 

drugs. 

Xylenes, Dimethyl benzenes, C6H4(CH3)2 

As mentioned earlier three»xylenes are known, viz., 

CH CH, CH 


-CH 



if^ 

'•L^-CH, 



w-Xylene 
(b.p. 139°) 


CHa 

p-Xylene 
(b.p. 138°) 


o-Xvlene 
(b.p. 142°) 

They are obtained on a commercial scale from the ‘50*^0 benzor 
fraction of light oil by fractional distillation. The fraction distilling 
■between 138 — 142® is a mixture of xylenes commercially known as xylol 
Since it is not convenient to separate them because of their close boiling 
points, the mixture as such is put to use as a solvent for rubber and 

o usti cs. 

Xylenes give all the reactions typical of aromatic hydrocarbons. On 
oxidation with permanganate or nitric acid, xylenes are converted into 
the corresponding phthalic acids. For instance, o-xylene gives o-phthalic 

acid. 
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SUMMARY OF TYPICAL MEMBERS 

PREPARATION AND PROPERTIES OF BENZENE 

Preparation. 


Acetylene 

HC=CH 


Phenol 

CcH.OH 


Polymerisation 
(Red hot lube) 

Distil with 2inc dust 


Sod. benzoate 
CfiHXOONa 


Distil with soda lime 


Ben. diazonium chloride, 

Cr.H,-N*N-CI I 


‘A Reduction with SnC\ > 4 - NaOH 


Benzene sulphonic acid 

QHjSOjOH 


Phenyl hydrazine 
CcH.NH.NH^ 


Petroleum 

n>llexanc 


Light oil 


Hydrolysis with superheat^ 
steam 

CUSO4 + HP 
or FeCIa 

Catalytic dehydrogenation 
and cyclisation 

Fractional distillation through 
SO'.'o benzol 



Properties 



Halogenation, Cl^. room 
temp, catalyst, diffused sunlight 

Halogcnation, CL 

no catalyst, direct sunlight 

Sulphonatioo, H0SO4. 80 ^ 


Chlorobenzene 

CfHjCI 


Bcnzcoc hcxa-chloridc 
Cr.H,.CIfi 


Benzene sulphonic acid 

CeHj.SO.On 


Nitration 60 ^ HNO3 + H^S04 


Nitrobenzene 

CcH,NOa 
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SUMMARIES 


Properties (Continued). 

Reduction, [Hj, Ni, 180*] 


H 


Cyclohexane 

CfiHu 


Ozone 


Benzene 

CgHft 


Benzene tri-ozonide 
C6H6(03)3 


Alkylation, CH3CI + , 

AICI3 anyhd j 


Toluene 

CeHs.CHs 


Oxidation, VoOg, air 


Maleic anhydride 
CH COv 

0 >0 

CH.CO^ 


Preparation. 


PREPARATION AND PROPERTIES OF TOLUENE 


Sod. toluate 
CHa.CoHi COONa 


Crcsol 1 

CH3C0H4OH 1 


Chlorobenzene 1 

CcH^Cl 1 


Benzene 

CcHc 


Toluene sulphonic acid 1 

CH3.CuHj.SO.vOH 1 


Toluene diazonium 
chloride 

CHhCuHj.N^N.CI 


Gricnard reagent 1 
CuH,MgBr. 1 



Distil with soda lime 


Distil with zinc dust 


(Wurtz-Fitiing’s reaction) 

CHgCi -r Na/dry ether 

Freidel-Crafi’s reaction 
CH 3 CI + AICI 3 anby. 


Toluene 

CeHs.CHs 


SnOs + NaOH 


CHaBr 


Fractional distillation 


Li.oht oil 
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Properties. 


Benzofrichloride 

QH.CCI, 


: Cl. 


Bcnzal chloride 
CcH-.CMCI, 


t Cl . 


Bcnzvl chloride 
Cr, Hs.CH.CI 


HalogenatioD, CU, no catayst 
sunlight, boiling toluene 

Halogenation, CI 2 cata'yst. . ~ 7"! 

^ o-and p-chloro!oluene 

room temp, diffused sunlight CH 3 .CfiH 4 .CI 


Sulphonation, cone. H 2 SO 4 


Toluene 

QH 5 .CH 3 


Nitration 
^conc. H 2 SO 4 + conc.HNOj) 

Friedel Crafts reaction. 
CH 3 CI -r AICI 3 anhy. 

Reduction, Hg.Ni, 180*^ 


o and /7-toluene sol acid 
CHa.CfiHj.SO^ OH 


o-and /7-nitrotolucne 
CH3.C6H4.NO2 


o-and /j-\ylene 

C6H4(CH;02 


Hexa hydrotoluenc 
CH 3 .C..H,, 


Drastic oxidation, 
alkaline KM 0 O 4 

Mild oxidation 

4 

CrOjCU or MnOo + HoSOi 


Benzoic acid 
CgHs-COOH 


Benzaldchydc 

CfiHvCHO 


QUESTIONS 


1 Describe the general methods of preparation of aromatic hydrocarbons. In 
what ways do these hydrocarbons differ from aliphatic hydrocarbons . 

2. Discuss the methods of preparation of benzene. What are its important 


propertiw ? obtained on a commercial scale ? How docs it react with (/> 

chlorine (//) sulphuric acid 07/) nitric acid (h) methyl chlor.de m the presence of 

anhydrous aluminium chloride and (v) ozone . c ,,- ’ .1 

4 Write short notes on : (a) Friedel and Craft s reaction (/;) Fitt.g s synthesis 

(c) Oxidation of benzene homologues (d) Chlorination of toluene. 

5. Discuss the evidence upon which the ring structure of benzene is based. 
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6 Give the methods of preparation ot toluene. Compare and contrast thj 
properties of benzene and toluene. How would you convert benzene into toluene and 

vice versa ? 

7. (a) What is benzene ? Discuss its constitution. (Panjab Inter 1961 S} 

(6) Deduce the structural formula of benzene. (Panjab Inter 1960 S) 

8 Explain the meaning of “Substitution and sulphonation” in aromatic org^ic 

chemistry. Give one example of each, stating the conditions under which the reactions 
occur. ypQftjm I ) 

9 Describe the commercial preparation of thiophene-free benzene. How does 
it react on exhaustive nitration and sulphonaiion ? Mention brieOy the salient pomts 
which help in deducing the constitution of the hydrocarbon. 

10. What do you understand by the term “Ring” and “Chain” 

Illustrate your answer with examples. (Panjab Inter 

11. “Though formula of benzene shows that it is unsaturated, it is almost as 

inert as saturated aliphatic hydrocarbons”. Comment Give the structural formula ot 
benzene. What would have been the formula had it been really comi^eieiy 
saturated ? Discuss the probable reason for its special behaviour and unusual stability. 

12. How is benzene prepared on a large scale? Describe its properties and uses. 
Give its structural formula. 

13. Explain giving equations, wherever possible, what happens when 

(0 Concentrated nitric acid acts upon toluene, ■ u ionA\ 

(ii) Chlorine is passed into boiling benzene ? (Panjab Inter 1963, 1964) 

14. What do you understand by (i) sulphonation (n) 

15. How can you cause in two different ways, the interconversion of benzene and 
toluene ? What happens when chlorine is passed through (u) boiling toluene in the 
absence of halogen carrier (b) cold toluene in the presence of a halogen earner ? 

How do products of (a) contras t with those of (6) ? (Panjab Inter 79tf0> 

16. Describe the preparation of toluene from 50% benzol. How can the 
hydrocarbon be converted into (a) benzyl alcohol (b) bcnzaldehyde benroic 

and (d) chlorotoluenc ? 
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ORIENTATION OF BENZENE DERIVATIVES 


As discussed in the previous chapters, benzene gives three 
disubstituied and three trisubstituted derivatives represented as below : 



lO- meta- para- i . _ . j . 

disubstituied derivatives Trisubstituted derivatives 


It is important to note that three trisubstitution products will be 
obtained only if three substituted groups arc the same. If it is not so, 
the number of trisubstitution products will be much greater. For 
instance if all the three substituents are different, ten isomers are 
possible and if one is different from the remaining two. six isomeric 
trisubsiiiution products are possible. 

ORIENTATION 

Suppose that a sample of xylene is given and it is required to know 
whether it is an ortho, meta or para compound. This process oj 
determining the relative positions of substituents in the benzene nucleus is 
called orientation. Two methods for this purpose are available : 

(1) Korner's Absolute Method (2) Relative Method. 

(1) Korner's Absolute Method. (1874). This method consists in 
converting the given disubstituied compound into trisubstituted products 
and then determining the number of isomers obtained. Tlie number ol 
isomeric trisubstitulion products obtained will decide whether the given 
disubstituied compound is ortho, meta or para. 

It will be clear from the following that an ortho di-derivative would 
give two, the meta derivative three and a pan derivative only one 

trisubstitulion product. 
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RELATIVE METHOD 



Ortlio di-^ubsiitutcd 
derivative 


X 

Adjacent trisubsliluied Unsymmeirical trisubs ti* 

derivative tutei derivative 

(T«o isomers) 



Mela dlsub^t^^uted 

derivative 


X 

i 

X 

A 

X 

1 

1 

fl 


-X 

l!^-X X-11 

1 

X 


•Adjacent 

Unsymmetrical 

Symmetrical 


trisiibstituted derivatives 


(Three isomers) 


X 



Para disiibstituted 
derivative 


'W' 

I 

X 

Unsjmm. trisubslitutcd 
derivative 


(Only one isomer) 


Thus, the two steps in the Korner’s absolute method are : 

(a) To convert the given disubslituted compound, CeHjXj, into the 
trisiibslituicd compound, CcH^Xa. 

(h) To determine the number of isomers of CgH^Xj formed., by 
fractional distillation or fracliuiiai crystallisaiion. etc. 

Obviously if QH^X, is a %m%le compound the given compound 
C n,\. is //on;; if QHjX'3 is found to exist in /ivo isomeric forms, the 
given compound CnHiX^ is or//io and if CcHjX., exists in three isomeric 
forms, then the given compound, CcHjX^ is meta. 

Limitation of Koroer's method. This method, as would be clear, is 
theoretically an ideal one, that is. it would never fail. 
But, in actual practi:e it Mitters from one defect, thM is, that quite 
often the quantities of the tri>ubsii(utcd derivatives obtained are too 
small to be resolved into (he various isomers and hence the inference 


a 


may be wron 

Relative method. In this method, the compound whose orienation 
iS required, is either produced from or is converted into another com- 
pound, the rclat:\e positions of substituents in which are already 
known. Assuming that during this conversion, the substituents do 
not change (heir relative petitions, the orientation of the given com- 
pound can he easily e^tabliscd. For in'-tance, the relative positions o: 
the two piclh)! groups in a given sample of xylene can be determineo 
by con\ erting it into phth.ilic acid. For this purpose, the given sample 
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of xylene is treated with alkaline potassium permanganate when the 
two methyl groups get oxidised to the carboxyl groups and phthalic 

acid is obiained. 

If the phthalic acid obtained melts at 231= and gives the anhydride 
easily it is ortho-phihalic acid and the xylene from which it is obtained 
is also ortho. If the phthalic acid formed melts at 346 and does not 
form the anhydride, it is meta phthalic acid and the xylene from which 
it is obtained is also meta. Likewise, if the phthalic acid obtained 
simply sublimes on heating, it is paraphthalic acid and the parent 

xylene is also para. 



CH3 

/«-Xylenc 

CHj 



CHs 

p-Xylene 


(O) 

KMn04 


O - COOH 
-COOH 
o-Phthalic acitl 


(O) 

KMnOi 


Q-cooh 

I 

COOH 

m-Phthalic acid 


COOH 

I 

(O) 

KMnOj 

I 

COOH 

p-Phthalic 

acid 



m p. 231®. gives the 
anhydride on 
heating. 

m.p. 346® does 
not give the anhy- 
dride. 


sublimes on heating. 


This method is of a limited application only. 

DIRECTIVE INFLUENCE OF GROUPS 

Exoerience has shown that the groups already present in the 
benfene nucleus influence the positions taken up by the new entrants. 

For instance, * 

(a) There is certain category of groups like nitro ( NO^l. cyario 
(-CN), aldehydic (-CHO), etc., which have a meta directing influence 

on the new entrants. .u i 

(h) There is another class of groups, like hydroxyl ( OH), methyl 
(-CH3) halogen atoms (-Cl,-Br.-I) etc., which exert an ortho and 

para directing influence on benzene nucleus 

upol^hetsZn bftaken up by the mw enua.us is called ihe directive 

or |^"”7ta“ rules with the help of w^ich the positions 

.0 hi lakc^P by the new entrants can be predicled. One such rule is 

Crlm Brain Ind Gibson’.s Rule (1892) wliich may be stated as follows : 
Group X already 

ZTsfalZcZpZ'd "hXO. clher^-ise X will he an or, bo and para 
directing group. 
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DIRECTIVE INFLUENCE OF GROUPS 


The directive influence of groups is given in Table 1. 

TABLE 1 

The Directife Influence of Various Groups 


Group X 

! 

Hydrogen 
compound • 

HX 

Can HX be 
directly and 
readily o.xidised 
to HXO? 

1 

1 

- - 1 

1 

Directire influence 

-NO2 

HNO2 

Yes to HNO3 

Meta directing 

-OH 

H3O 

No 

0— and p— directing 

-NHa 

NHj 

No 

G— and p— directing 

-CH3 


No 

1 

O— and p— directing 

-Cl 


No 

G— and p— direcliog 

-Br 

HBr 

No 

G— and p— directing 

-CHO 

H.CHO 

Yes to H.COOH 

Meta directing 

-COOH 

H.COOH 

\’es to COa+HjO 

Meia directing 

-CN 

HCN 

Yes to HCNO 

Meta directing 

— SOi.OH 

H2SO3 

1 

Yes to HaSO* 

Mela directing 

-CONH3 

H.CONH» 

M 

No 

G— and p— directing 

-CHoCI 

CH3CI 

No 

G— and p— directing 

-COCH3 

CH3.CHO 

Yes to CH3COOH 

1 

Meta directing 


It must be fully understood that the new entrant has no directive 
influence whatsoever. The directive influence is of the group already 
present. 

Experience has also shown that the groups already present in the 
nucleus not only influence the positions taken up by the new entrants 
but also the ease of substitution. As a rule, the ortho and para directing 
groups facilitate further substitution, while meta directing groups retard 
further substitution. For instance, a mixture of concentrated nitric acid 
and sulphuric acid, introduces only one nitro group in benzene but three 
nitro groups in phenol or toluene. 



Cone. HN03 
Cone. H2SO4 



Benzene 


Nitrobeozeoe 
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OH 



Cone. HNO3 
Cone. H2SO4 


Phenol 



O2N- 


NO^ 

2 :4:6 Tri*nitro phenol 


QUESTIONS 

1 What do you understand by the term orientation' oT'dteomo- 

orientation available. How would you proceed to effect the orientation 

benzenes ? . t 

2 There isomeric chlorotoluenes are known. How would 

mlne^'the position of chlorine atom with respect to the methyl group m 

3. What is meant by orientation? How would you establish whether a given 
sample of xylene is ortho, meta or para ? 

4. Write short notes on ; . . ^ 

(0 Korner’s absolute method. («) Relative method for orientation. 

group (lO an aldchydic group ? 

6. Define Orientation and Crum Brown and Gibson’s mo S) 

7. Explain as clearly as possible wi.h ihe help of examples <y^Crum^ Brownes 

Rule (21 Korner’s Absolute method of orientation. t 

8 How many isomers arc possible in case of : ^ frxr 

(/) Monosubstituted Benzene HO Disubslituted Benzene? Give reasons for 
your answer in the two cases ^ 

In each case how would you establish the nature of different isomj^. 

9 State Crum Brown and Gibson’s Rule. Give its *‘'7uU ‘from^. 

iir <rSbo^ 

benzene (iV) biommation of benzoic acid. ^ 

10. A compound of the formula CoHjCl.^ is given to yyj/) 

proceed to orientate chlorine atoms in the compound ? i J 

chloride and (v7) nitrobenzene. 
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AROMATIC HALOGEN COMPOUNDS 


The halogen substituted derivatives of aromatic hydrocarbons are 
of two types : 


(a) Nuclear Substituted Compounds. Such compounds are formed 
by the replacement of one or more hydrogen atoms of the aromatic 
nucleus by halogen atoms. For e.vample. 


rf^ -Br 



Brornobcn/.enc o Dibronio 

Of Plicn>l benzene 

bromide 

o*Ch!oro- 

toluene 

y>-Chloro 2 : 4 Dichloro 

toluene —toluene 

(bj Side-Chain Substituted Compounds. These compounds are 
obtained by the replacement of the hydrogen atoms of the side chain by 
the halogen atoms. Toluene, for instance, gives 


Q-chcu 

c 

h 

I3enz>l chloride 

Benzai chloride 

Benzotrichloride 


In the nuclear substituted compounds, the halogen atoms are firmly 
attached to the benzene nucleus and cannot be easily replaced. 
Hnue\er. when the aromatic nucleus contains two or more halogen 
atoms one of the halogen atoms can undergo replacement reactions more 
easily. The compounds with halogen atoms in the side chain are as 
reactive as the alkyl halides and undergo all the substitution reactions of 
the alky) halides. 

General Methods of Preparation 

(A) For Nuclear Substituted Compounds. 

The follo^sing methods are available for the preparation of nuclear 
substituted halogen compounds : 
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» Renzene and other aromatic hydrocarbon^ 

( 1 ) Direct hr the p:e ,e,>ce of halogen carriers, 

react with chlorine and also reacts hut in the 

"p're'st^fe" .4n.: (See general properties o. aromatic 

"’T 


U 

Phenol 


-OH 


PCI 



- P0CI3 - Hci 



-OH , sQCU 


Chlorobenzene 

i-CI 



+ SO.. 4- HCI 


Phenol 



Chlorobenzene 

^''-Cl 


CHa 


■f PCI-. 



-CHj 

rt-Ch'oroioluenc 


-t- POCU i- HCI 


«' » i”-‘— ““ 

H + HO Br ^ 




r ll .O 


Brt.)ino'ocn7enc 



acid containing the correspo 

_N-N-C 1 llCl^rCh ^-Cl , ; HO 



Benzene diazonium chloride 



Chlorobenzene 

hr + N-. ^ HCI 


Benzene diazonium chloride 


Bromobenzene 


e oblained by simply.warming the diazoninm salt 
with an aqueous solution *■< 

,_n-n-ci 


lodo-bei./.cne can be iodide 



Kl 



. N., -i- KCl 


Benzene diazonium chloride 


lovlobcnitenc 


benzene 

1 hie mclhod for th.o preparation of lodo- 
Thisis the best available mcUiot 

derivatives. rnodification of Sandme- 

(5) Gatterman-s reacb.m. Th ,^p„eed by 

yer's reaction with the diiurcncc 
copper powder. 
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CHEMfCAL PROPERHES 


(B) For Side*Chain Derivatives. 


The following methods can be used for the preparation of side- 
chain substituted halogen compounds : 

, *^**'c*^t faalogenation of toluene. (See general properties of aroma- 

tic hydrocarbons). 

(2) .Action of phosphorus pentachloride or fhionyl chloride on aroma- 
tic alcohols or aldehydes. 



-CoHOH 

frenzy! alcohol 

-CHO 


PCU 

ii 



-CH..C 1 


Benzyl chloride 


+ POCI3 + HCl 



PCU 


Benzaldehvdc 


I * ‘ + POCI3 

Benzal chloride 


Physical I roperties. The nuclear substituted derivatives are colour- 
less Ij^quids or solids \sith a pleasant odour uhile the side chain com- 
pounds have .Tn irritating smell. They are insoluble in water but soluble 
ill organic solvents. 

Chemical Properties, 

(A) Of Nuclear Substituted Halogen Compounds. 

(a) Ueauions of the Halogen Atom. As stated earlier, the halo- 
gen atiadied to the nucleus is hrmly held and cannot be easilv replaced 
Under appri'priate conditions, however, the halogen atom can be 
made to undergo some subslilulion reaclion>, as discussed below : 

(ij Rcplaccnicrit In an alkyl or ar>l group. (Wurtz-Filtig’s reaction), 
n the presence ol d.'-y sodium m dry ether, the halogen atom can be 
replaced by an alkyl or an aryl croup. For example. 



, , Cl 

(o) 

Chlorohe '7cne 

0 “ ' ' 

Chlorobeni’one 


:Na Cl -CH3 
•Meilul chloride 


Dr> ether 


:Na 


Cl 


o 


Toluene 


+ 2Naa 


Dry other 



o 

Dip.-icnyl 


2 NaCI 





□> 




+ 2 Cul 
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nt] Reolacement by a hydrogen atom (reduction). The halogen 
^tom can be reol^ce^ by hydrogen on treatment w.th sodium amalgam 
tlTalcohol mtxturVo^^ hy®drogen iodide and red ° 

ttdth Ni/Al alloy in the presence of alkal. to yield hydrocarbons. F 

example, 



-a 


2H 

Na/alcohol or HI/P 



HCl 


Chlorobenzene Bcnztne 

(Hi) Replacement by a hydroxyl group, drastic ^ 

■halogen atom can be replaced by a M^oxy! grouP Fo in. ^ 
chlorobenzene when heated with a concentrated 
hydroxide at 300—350" under high pressure (about 280 
when heated with steam at 425° in the presence o! a catalyst. ,nes 

phenol. 

Nla” OH 300—350“ , 

280 atom. catalyst 

Chlorobenzene Phenol Chlorobenzene 

(iv) Replacement by an amino group. 
halogen atom can also be replaced by an ammo group, 
chlorobenzene when heated with aqueous 

a pressure of 60 atmospheres, in the pre:.ence ol Cu-.O. gives aniiint. 






,-OH 


425 



_ Cl -- H OH 



-Cl 


+ 2 NH 3 I- Cu.O 


200 “ 
60 atm. 


Aniline 


NIL. 


r CuXL - HS> 



-Br 


Chlorobenzene 

(vj Replacement by cyanogen group. fjp°"g,.e'when 

renla^d bv a evano group as well. For example, bromobenzene when 

hea^ ^ cuprous cyanide in the presence ol pyridine, 

gives cyanobenzenc. 

^ + CuBr 

+ CuCN — U ^ 

200 “ 

Bromobonzcdc Cyanobenzenc 

/ Ko —ris! — COOH. —Cl) in 
The presence of electronegative groups 4';'“ „ .mm rc^nders the latter more 
the ortho or para position with respect to the h.iloaen atom renders me 

mobile and it can be replaced much more easily by other groups. 

(b) Reactions of the Nucleus. As usual, these halogen compoun 
can be nitrated, sulphonated. halogenatcd and alkylated. ^ 

^r) Other Reactions (i) Formation of Grignard reagents. 
or iodi (?u"“Uiniene reac.s wi.h dry magnes.um ,n dry 
ether to give highly reactive Grlgnard reagents. Thus, 

Id dry ,^^^_Mg-Br 

+ Mg “T^ 

ether 

Phenyl mag. bromide 

Bromobenzene 
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CHEMICAL PROPERTIES 


(Ui) Oxidation. The halogen compounds of the benzene 
horaologues, on oxidation with potassium permanganate, yield 
compounds in which the halogen atoms remain intact and the side chain 
gets oxidised to the carboxyl group. For instance, 


-Ci 

o-Chloro toluene 



KMn 04 

(O) 


-COOH 
^-Cl 

o-Chloro benzoic acid 


(B) Chemical Properties of Side Chain Halogen Derivatives. 

As already mentioned, the side chain substituted halogen derivatives 
resemble alkyl halides in their chemical properties, that is, they undergo 
replacement reactions with the same case as the alkyl halides, as 
illustrated below ; 

1. Replacement Reaction, (i) Replacement by hydroxyl group. 


0 -CH,.CI KOH aqueous 

Benzs 1 chloride 


Q-ch=oh 

Benzyl alcohol 


Benz.il chloride and benzotrichloride on treatment with aqueous 
poiasli yield bcn/aldehyde and benzoic acid respectively. 



cii; 

'Cl 

:K 0 H aq. 

-2KC1 

Borizal ch! 

oridc 



XI 



1 • 

3KOH aq. 


XI 

-3HCI 

Bcnzotric 

Itlnridc 




Unstable 


--sTo 0"“° 

Bcnzaldehyde 



Q-cooh 

Benzoic acid 


( iij Replacement by amino group. 
CH C! Alcoholic NH 3 






Bi.n/\ I chloride 


Bcnzylamine 


(Hi) Replacement by cyano group. 



CH.Cl 


KCN 



-CHXN Hydrolysis 

fHCl) 



-CHXOOH 


Ben/yl chloride Benzvl cyanide 

(ii ) Rcpl.iccmcnt by hydrogen (reduction^ 
-CH.,CI -H 


Phenvl acetic acid 


u 

Bcn 7 \ I chloride 


:n 

Zn -Cu/alcohol 



Toluene 
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Dry ether 



(vj Replacement by alkyl radical. 

l-CH. Cl + 2Na + Cl CHj 

Meihyl 

Benzyl chloride chloride 

2. Oxidation, fi) On treatment with an oxidising agent (a;idjc 
KMnOj, KaCroOv or HNO3) the side chain including the halogen atom 
is converted into a carboxyl group. 

-COOH 


-cHxn 


Ethyl benzene 







Oxidation 

KMnO* 



Benzyl 

chloride 


Benzal 

chloride 


Benzo- 

trichloride 


Beczoic acid 


(ii) With mild oxidising agents [Pb{NOa), or CutNOj),]. benzyl 
chloride is oxidised to benzaldehyde. 



-CHXl 


Benyzl chloride 


Mild oxidation 

Pb(N 03)2 or Cu(NO;,)i 



-CHO 


Benzaldehyde 


3. Reactions of the Nucleus. As usual, these halogen compounds 
can be nitrated, sulphonated, halogenatcd and alkylated, the new 
entrants occupying ortho and parapositions with respevt to e 
halogenatcd side chain already present 

INDIVIDUAL MEMBERS 

Chlorobenzene. Phenyl Chloride, C^jHiCI 

Preparation. Chlorcbenzcnc can be prepared by any of general 
methods of preparing nuclear substituted halogen compound's. 

In the laboratory, it is usually prepared either by the chlorination of 
benzene or from benzene diazonium chloride (see general methods). 

Industriallv, it is obtained by Raschig’s process which consists m 
passing vapouV; of benzene, hydrogen chloride and a,r over a copper or 

iron catalyst at a temperature of 230V 



+ 2HC1 + (O) 

air 



,~C1 


+ :ii.o 


Chlorobenzene 


Copper or iron 
catalyst, 230'’ 

Benzene 

Properties. Clilorobenzenc is a colourless liquid (b.p. 130% sp^ 

1.12S) with an agreeable odour. It is insoluble in water but so u ^ 

organic solvent. 

Chemically it shows all the reactions of a nuclear substituted 
halogen compound. (See general properties). 
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BROMOBENZENE 


Uses. (I) It is extensively used in the manufacture of D.D.T*., the 
well-known insecticide 


(2) It is used for the manufacture of phenol, aniline and 
dichlorobenzene. 

Bromobenzene or Phenyl Bromide, QHsBr 



Bromobenzene can be prepared by any of 
the general methods described earlier . 

Laboratory Preparation. Bromobenzene is 
prepared in the laboratory by the bromination 
uf benzene in the presence of a halogen carrier, 
but in the absence of sunlight. The details of 
the process are as follows : 

An apparatus, as shown in Fip. .], is fitted up’ 
Atrut78gm. of benzene is taken in the round-bottomed 
flask, along w>tb about 2-3 gm of pure »ron powder. 
Bromine {160 gm ) is added dropwise from the dropping 
funnel, through the condenser. The reaction takes place 
and the hydrogen bromide formed is led into a beaker 
containing water through an inverted funnel. After the 
contents cool down to room temperature, the reaction 
mixture is washed successively with sodium hydroxide 
S'Olution and water, separated by a separating funnel, 
dried and then purified by distillation. The fraction 
distilling over between 150 — 12.5' is pure bromobenzene 

Properties. Bromobenzene resembles 

chlorobenzene In physical and chemical 
properties. 


loilohenzcnc. Phenyl Iodide. 

lodohenzene can be prepared in the laboratory by heating benzene 
and iodine in a sealed tube in the presence of an oxidising agent like 
concentrated nitric acid. It can be prepared more conveniently by heat- 
ing benzene diazonium chloride with potassium iodide. 

Properties. lodobenzene is a colourless heavy liquid boiling at 188® 
It is more reactive than ciilo.*obenzene or bromobenzene. 

Benzyl Chloride, Phenyl methyl chloride, C.H^CHoCl 


It is a typical side chain substituted haloiien derivative. It niav be 


•Chlorobenzene combines with ch!or:il in the presence of concentrated sulphuric 
acid to givcp.p — Dichloro-Diphcnyl-Trichtoroethanc, (D D T.). 


Cl - ( 



H- O H Cl-.^^-CH -{r\- 


II 

CH-C.CI 



Cl 


! 

C.CI 3 

p—p' Dichloro diphenyl 
trichloroethaoc 
(I?.D.T.) 
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prepared in the laboratory by passing chlorine into boiling toluene in 
the presence of sunlight tilt me required increase in weight occurs. 
Benzyl chloride is then separated by fractional distillation. 

Properties Benzyl chloride is a colourless liquid boiling at l?^’ 
with an unpleasant odour. It is strongly lachrymatory (/.c., having an 
irritating elfect on the membranes of eyes and nosej. It is insoluble id 
water but soluble in organic solvents. 

Chemically, it resembles the alkyl halides. The halogen atom can be 
easily replaced by various groups like, hydroxyl, amino, cyanogen, eic. 

Uses. Its chief use lies in the manufacture of benzoic acid, benzaide- 
hyde, benzyl alcohol, benzylamine, etc. 


Benzal Chloride, Benzylidme Chloride, CeH^^CHCL 

This compound is prepared by passing the requisite amount of 
chlorine through toluene or by the action of phosphorus pentachloride 
on benzaldehyde. 


C.HfiCHO + PCI5 — ^ C^HsCHCI, + POClj 

Benzaldehyde Benzal chloride 


Properties, Benzal chloride is a colourless liquid, boiling at 206®. 
It can be readily hydrolysed by aqueous alkali to benzaldehyde. 


o 


j-CHCJa 

Benzal chloride 


NaOH 



Unstable 


— HjO 

Benzaldehyde 


Uses. It is mainly used for the preparation of benzaldehyde which 
is a very important article of commerce in the preparation of dyes and 
drugs. 

Beozotricbloride CoH&CCIa 


It is obtained by prolonged chlorination of boiling toluene till all the 
three hydrogen atoms of methyl group are replaced by chlorine atoms. 

It is a colourless liquid boiling at 213®. With alkali [milk of lime, 
Ca(OH) 2 ] it is hydrolysed to give benzoic acid. 


o-“- 


^OH 

Hydrolysis 

milk of lime, 
boiling 

Unstable 




<^0 


H 


Benzoic acid 


It is employed, on a commerical scale, for the manufacture of ben- 
zoic acid. 
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SUMMARIES 


SUMMARY OF TYPICAL MEMBERS 
PREPARATION AND PROPERTIES OF CHLOROBENZENE 
Preparation. 

Direct chlorination, CIg 
(halogen carrier) 


Benzene 

CcHc 


Phenol 

CcHfjOH 


Benzene diazonium 
chloride, CcH-N\.Cl 


Benzene vapour 

QHo 


Properties. 


I 


( hUirobcnzene 

( . H Cl 


PCI 


CuoOj’HCli 


HCI + Cu, 230^ 
(copper catalyst) 


CHjCI + Na metal 
(Wurtz Fittigs reaction) 

CjH^CI -< Na metal. 
(Wurtz Fittig’s reaction) 

Reductiont 2H 
(Na + C.H-OH) or (HI/P) 

Cone. NaOH, 300-350"' 
280 atm. pressure 

Steam at 425' (catalyst) 


Chlorobenzene 

CeHsCI 


Toluene 


Diphenyl 

CcHs-CoHj 


Phenol 

CcH:.OH 
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PREPARATION AND PROPERTIES OF BENZYL CHLORIDE 


Preparation. 

Toluene 

C6H,CH3 


Benzyl alcohol 

CeHsCHgOH 


CL, (no catalyst) 
boiling loluei'ic 


HCl or PCU 


Benzyl Chloride 
CgHsCH Cl 


Properties. 


KOH aq. 


Benzyl alcohol 
CcH-CH.OH 


Alcoholic NHj 


Benzyl ainint- 
CcHjCH.ML 


KCN 


Bcnyzy) cyanide 
CiH^CHaCN 

i Hydroly its 


Phenyl acetic acid 
CgHs CHXOOH 


Benzyl Chloride 
CeH&CH^Cl 


Reduction, 2 H, Zn— Cu/alcohol 


CH3CI + Na (dry ether) 


Wurtz— Fittigs reaction 


Toluene 

C'eHXH^ 


Ethyl benzene 
CcHjCJt: 


Oxidation with 

KMn04 or K2Cr207 or HNO3 


Benzoic acid 
CcHjCOOII 


Mild oxidation with 
Pb(NOs)2 or Cu (NOj)^ 
Mg in dry ether 


Benzaldchydc 
Cells CHO 


Grignard reagent 
CeH.ClL.MgCI 


Nitration, sulphonation, 
hulogcnation 


Ortho and p.tra 
derivatives furiiiid 
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AROMATIC HALOGEN COMPOUNDS 
QUESTIONS 


1. Describe the methods to introduce a halogen atom in (a) side chain (fri 
nucleus. How do these two types of compounds differ from each other ? 

2. Give the general methods of preparation and properties of aromatic haloceo 

compounds. ® 

3. Write notes on : 

(a) Bromobenzene (b) lodobenzcne (c) Benzyl chloride (d) Bcnzal chloride 
J5eDzotrichionQe. 

4. How do the properlies of aryl haildes differ from those of alkyl halides ? 

5. Give in each case four important properties of Nuclear and Side chain 

halogen derivatives of aromatic hydrocarbons. {PanJab Inter 1961) 

.u \ can halogen group be introduced (a) in the nucleus (b) io 

the side Cham of an aromatic hydrocarbon ? Describe the difference in properties 
of the compounds formed. What difficulty Is experienced in preparing the iodo 
derivatives and how con this be overcoinc ? 

7. Explain giving equations wherever possible what happens when : 

(t?) Chlorine is passed into boiling benzene, 

Alcoholic potassium cyanide is added to (/) Chlorobenzene (ii) EthvI 

(Panjab Inter I9S3 S} 

understand by the term ‘Ring' and ‘Chain’ substitutions ? 

cHolidP the properties of chlorobenzene and benzyl 

Chloride. How do you account for the difference, if ar,y ? 

(PanJab Inter 1952} 

Po nts of difference for Nuclear and Side chain aromatic halogen 
compounos. (Panjab Inter I960 S) 



CHAPTER XLVII 


AROMATIC NITRO COMPOUNDS 


As mentioned earlier, compounds containing one or more nitro 
( — NO2) groups attached directly to the benzene nucleus (in place of 
hydrogen atoms) are called aromatic nitro compounds. A tew important! 
nitro-derivatives of benzene and toluene are : 


NO2 



Mooo-oiiro'beozcne 

or 

Simply nitro-beaz>ne 


NOa 



m-Dinitro bcDzeoe 
or 

I : 3 Dinitrobeozenc 


NO2 

0,N-1[^-N02 
1 : 3 :5 

TriDicrobeozene 

or 

Symmetrical 

trinitrobeozene 


CWi 

I 

0 -CH3 r^'^-CHa OaN-zf^^NOi 

-NOa OaN-U^ OsN-li^-NOs 

t>-NitrotoIucne p-Nitrotoluene I 

2 : 4 , Diniirotolucne NO> 

2 : 4 : 6 Trinitrotouene 
(T.N.T) 


The process of replacing one or more hydrogen atoms of the benzene 
nucleus by the nitro ( — NO2) g'oups (i.e., introducing nitro groups 
into the aromatic nucleus) is called nitration and the reagent used for 
the purpose is called nitrating reagent. 


The number of nitro groups introduced depends upon : 


(i) The nitrating reagent 
(il) Temperature of nitration 
(Hi) The nature of the compound to be nitrated. 
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GENERAL PROPERTIES 


(i) The nitrating reagent used. Common nitrating reagent used for 
introducing one nliro group is a mixture of concentrated nitric acid and 
concentrated sulphuric acid. Stronger nitrating agents employed are : 
fuming nitric acid and concentrated sulphuric acid ; a mixture of con- 
centrated nitric acid and acetic anhydride ; nitrogen dioxide and anhy- 
drous aluminium chloride (catalyst) ; acetyl nitrate, CHaCO.O.NOg. 
The last reagent is more suitable for introducing only one— NOg group 
in ortho position. However, its explosive nature (on healing) renders 
it unsuitable to be used. 

The I unction of Concentrated sulphuric acid and acetic anhydride is 
to ab.sorb the water (ormed during the reaction. 



Benzene 


HO. NO. 


Cone. H.SOi 



H.O 



Nitrobenzene 


(ii) Temperature of nitration. I| nitration is carried out below 60* 
only one nilro group introduced. Two nitro croups are usually intro- 
duced when the reaction cai ried out between 60 " and 100*. Three 

groups may be introduced at lemperature^ above 100.* 

r iii) 1 he nature of the compounds to be nitrated. Generally speakins 
\dje presence ot ortho and para dircctinc groups (e e — CH -OH^r 
-^NlDin the nucleus, facilitates mtrafion. whereas Vhc presence of 

taiet.i-directmg groups (e.g..- NO.,. -COOH.-CN) retards further 
futrath'ii. 


mV Gener;illy. the n.tr.. compounds are pale- 
\ellou liquids or crvstallinc solids, with a characteristic odour. ^ 

(li) The aromatic nitrocompounds are heavier than and immiscible 

with vvaier but they are Ireelv soluble in orcanic solvents "^'SCible 


th 


( 1 he arc \ olatile in steam. 

fr I Thcvc\p|..dc,.n Stroup heatinp or when detonated. They are 
iiLTclorc. ii''* wi 111 bi'nibs, d\Muniiic, c(c. ^ ^ 


( hem, cal l-rnpert.es .\s a rule, the nitro group i.s llrmlv attched to 
UK benrone nncieus .and docs not undergo replacement reactions 
However. ,f more I, an one mtro groups are raresent in the nucleus o; 

“repS’ Thus'- ' be easMy 


Modern research hss r>tHbli 5 hcd fhcii t^c i unction of ennr w 
a mere deh>dratinj; aoont It i. assumed th it thi^ real nit^ niore than 

nitronium ion, NO-,-, uhich is formed h> inwraciion beiwcen cone. H!so/a"nd HNo'" 

UNO, !- :iNso, :hs(>.- ,, fv 

. ^ Nitronium ion 

and then Cjl,; -f NO,* — ^ C,,ll-NO, 

followed by 2 HSOj + — » CU.SOi H’O 


aromatic halogen compounds 


573 


i-NOa 
-NO, 

o-DinitrobeDzene 



KOH aqueous 
boiling 



-OH 


KNO, 


o-Nitrophenol 


The only imponant reaction a nitro group “u 

The nitro group can be ^“^j‘*ij'“jro"chI^ric a^cid. But with other 

zinc and 1 'nj ammonium chloride or sodium and 

methyl alcohol or zinc dust °ne ^ phcnvl 

only part,^ and comp^un^s likr (QH,-,N =NQH..) are 

hydroxylamme ^r neutral 

“cd d^termin^f the end produa. (For details see reduction ol 
nitrobenzene). 

INDIVIDUAL MEMBERS 

NITROBENZENE, OIL OF MIRBANE, Cell^NO, 

Nitrobenzene was first isolated by Mischerlich in 1834. 

Preparation. It can be ^abc^tory „";;:;;:r"^m^::cn;S: 

eTnUHc'Sand co'llccnlrated sulphuric acid (,i/tr,„/ng reagent). 



- H 


HO NO, 


Cone. H. 2 SO 4 
below 60' 



-NO, 


Benzene 


Nitrobenzene 


Details of the method. About ‘^^"xiufc^of ^cl^uimrated sulphuric acid 

ments(2-3cc.eacht.mc).to awcU.cooUd 

(60 c.c.) and cone, nitric o( the reagents, after each addition, does 

capacity. Care is take^n that of dinUrobenzene being 
not shoot up beyond 55-60 othcrvvisccn bottomed flask is ‘mmersed m 

formed. To avoid the rise of whole of benzene has been added (thib 

cold water and shaken thoroughly. When th i ^ condenser wdh 

process lakes 30-40 minutes) the eon^nis a minutes. During thib 

frequent stirring m a water bath below ^5 ^enls are then cooled and poured 

time, usually the nitration IS compIc c. Th^^^^^ ^^^^^^^ as a heavy oil. the niiro- 
into a large amount of water, when nitr^ vvashed with water and sodium 

hen-cnc lavcr U separated by a veni over anhydrous calcjum 

carbonate solution and finally again wi - lr.iction coming o»cr at about 

chloride and diMilled using scparaiely. Afterwards, the lempera- 

“r;rdd'cn;"go\lClnd“r‘'frrc.irn''^^^ be.wecn :0y-:.U ,s pure 

nitrobenzene. ^ ^ 

polySro^ompou^S^rnT^x^od^rviol'^n'lly on healing. 

Cammeretany, mmobcuzcim -V ii^n^Uc .r ^ 
prepaiation of dyes, drugs, etc , and it pr P 
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NITROBENZENE 


8en::£ne 


HNOi -f-HiSOk 


as above, except for the difference that nitration is carried out in a 
big pan fitted with a mechaninal stirrer 
and a set of pipes through which cold water 
or steam can be passed {cf. Fig. 1). 

After nitration, the contents are drawn 
and treated as usual. 

Physical Properties. Nitrobenzene is 
a pale-yellow liquid, with a strong smell 
of bitter almonds. It boils at 210®. It 
is volatile in steam ; insoluble in water, 
but souble in organic solvents like alcohol 
and ether. 

Chemical Properties. Nitrobenzene has 
very few properties, as the nitro group is 
firmly attached to the nucleus and is not 
easily replaceable. 

The most important property of the 
nitro group is its reduction, which can be 
carried out in an acidic, neutral or an 
alkaline medium. In each case different 
products are obtained 

(a) Reduction in acid medium. When nitrobenzene is reduced by 
zinc and hsdrochloric acid, aniline is obtained. 



SFZr.T ACID 

Fig- 1. MaoufdC- 
ture of Nitrobenzene 



—NO. 


Nitrobenzene 


6H 

Zn/HCI 



~NH2 


+ 2H.O 


Aniline 


It is assumed that the above reaction takes place through the follow- 
.steps : 



-2H2O 


rf^-NO 


H 


Nitrosobenzene 



-NHOH 


Phenyl hydroxyl 
-amine 



Iniermediaies 


The intermediate compounds, nitrosobenzene and phenyl hvdroxul 
amine, cannot be isolated from an acid solution. ^ 


Other acid reducing media are tin and 
chloride and hydrochloric acid or zinc and 
scale, iron and hydrochloric acid is used. 


hydrochloric acid, stannous 
acetic acid. On an industrial 


(b) Reduction in neutral medium. In a 
like zinc dust and ammonium chloride 
reduced to phenyl hydro.xylamine. 


neutral reducing medium 
or water, nitrobenzene is 


aromatic nitro compounds 


-NO 


2H 
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-NHOH 

V ^ ^ €^t9 • I • I 

O" -“‘‘O Nitros^zene Phenyl hydroxylamine 

Nitrobenzene . , 

I. .. .b.«.,cd " “ 

(c) Reduction in zinc dust and sodium 

liL%rde° nIuobentVe yield^ succ^essively ’ azoxybenzene, azobenzene 
and hydrazobenzene. 



6H 
-3H™0 



m-no 



-V " 

\-N 


2H 

H..O 


Niirobeozeoe 


lAzosybenzeM 


2H 


W „ 


Alobcnzene 


O 


NH 


Hydrazo benzene 

bydrilob:nz" « ^hlvf 
agents. 

When any one of the above intermediate products (-cb - niuo^o- 
benzene, phenyl hydroxylamine. azoxybenzene. etc.) 
medium, aniline is obtained. 

(d) Electrolytic reduction "envflwd^^^ 

tt!^h‘irgls“;::aran^ere'nt T product p-amino pbenoi. ' 

4H .C^v-NHOH Rearra^ment 



-NO2 


-H,0 




-NH 


Phenyl hydroxyl 
amine 


on-' 

/j-Amino phenol 


Nitrobenzene 

•amine , 

Reactions of Benzene and 

reactions of aromatic product results (r/. 

nitration. In 

Crum Brown and Gibson s Kuic). *u^i 

NO-. 

I 


NO2 
I 

^-Cl 

m-Nitro-chlorobcnzene 


NO. 
1 



-SO...OH 


m-Nitrobenzene* 
sulphonic acid 



-NO. 

m-Diniirobcnzene 
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DINITROBENZENE 


Uses. The most important use of nitrobenzene is in the preparation 
of aniline. 

It is also used in the manufacture of boot polishes (since it penetrates 
the leather very easily), and for scenting cheap soaps. 

In laboratory, it is used as an oxidising agent. 
m-Dinitrobenzeoe. CeH,(N02)2 


/w-Dinitrobenzene is prepared by further nitration of nitrobenzene 
with a mixture of concentrated sulphuric acid and fuming nitric acid. 
After the reagents have been slowly mixed up, they are heated on a 
boiling water bath for an hour, with frequent shaking. Afterwards the 
contents are poured in excess of cold water, when m-dinitrobenzene 
separates out as a yellow crystalline solid, which may be purified by 
recrystaliisation from alcohol. 


NO 2 



Nitrobenzene 


OH NOj 


Cone. H 2 SO 4 


NO.2 

-NOg 
m-Dinitrobenzene 





Properties. ni-Dinitrobenzene is a pale-yellow solid (m.p. 90®) 
msoluble in water but soluble in organic solvents and volatile in steam. 

/^i-dinitroben/ene is similar to nitrobenzene. It can be 
reduced with alcoholic ammonium sulphide or sodium sulphide first to 
w-nitroanilinc and tlicn to /u-phen\lenediamine. 


NO 


U NO. 

w-Diniirobcn?enc 


NO- 

I 

Na-S Na-S 

-NH. *■ 
«j-Nitroaniline 


NH. 




-NH 

n -Phen> lene 
diamine 


Uses. It IS used in the manufacture of important dye stulTs like 
aisiuark (used in boot polishes) and explosives. 

Nitro-Toluenes, 

possible and alt the three 


NO,. 


<’*Niiroio|ucno 
(b.p. 2 : 0 °) 



-CH 


0.,N- 


I 



-CH;, 


NO., 

m-Nitrotoliiene 
(b.p. 22r) 


P-Nitrololucne 
(bp. 238°) 


Tolu.ne can be nitrated more readily than benzene dii^^ tn *• 

vniing Hini, once of methyl group. oenzene due to the acti 

•r sss “sr, r * 


ff> „ j *; ■' I *1 HI a mixture 

ig sulphuric acid when o- and /)-isomers are the 
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main products (c/. Crum Brown and Gibson's rule). These are separated 
by fractional distillation. m-Nitrotoluene is prepared indirectly. AU 
the nitrotoluenes can be reduced to the corresponding toluidines. for 

example, 

- _CH, ^ 

l-NO. 

o-NiirotOiuene o-tolu;dine 

They can be readily nitrated further to yield di-and trinitrotoluenes. 
On oxidation they yield the corresponding carboxylic acidb. 

0 :s: ^ O-?" 

(,-NiirotoIuene o-Nitrobeozoic acid 

They are used for the manufacture of the well-known explosive, 
T.N.T. 

Trinitrotoluene, or T.N.T., CHa.CeHiCNO^)^ 

2 • 4 • 6 Trinitrotoluene or T.N.T., as it is commonly called, is the 
ultimate ' product obtained by the nitration ol toluene. Toluene is 
nitrated by dropping in a mixture of concentrated nitric acid and (urn- 
ing sulphuric acid, with frequent stirring. The ortho and para rutro- 
toluenes first obtained are further nitrated at 100 , w'hen T.N.T is 
obtained. The ultimate product is washeo with water and re-cr\stsallised 

from alcohol. 



Toluene 


CHj 
I 

^-NO. 
^-derivative 


I 

c 


and 



NOo 

/>-dcrivativc 


I Further niiraiion 
i ailOO^ 

Cll, 

I 


O..N— ri^v NOj 


T.N.T. is a pale-yellow 
crystalline compound (m p. 
ST). It explodes violently on 
burning or when detonated. 

2CH3.C„H,(N0J3-'>2C0 + 3N; 

+ 4 H. 2 . It is, thcrelore, used 
for military purposes in bombs, 

shells and torpedoes. For 
example, amatol (a mixture of 


NO.. 

2:4:6 Trinitrotoluene or T.N.T. 


PROPllLLANT 

CllARCt 


1 — 



7 — ^ 


I 


L., i.iN 1 

nNT+ 



detonator nh.no. 

Fig 2. T.N.T. bomb 
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SUMMARY 


T.N.T. and ammonium nitrate) is used for blasting purposes (see 
(Fig. 2). 

SUMMARY OF A TYPICAL MEMBER 

PREPARATION AND PROPERTIES OF NITROBENZENE 

Preparation. 


Benzene 

Cooc. HN 03 +conc. H 0 SO 4 

Nitrobenzene 

QH, 

(55^-60-) 

CeH^NOj 


Properties. 


Nitrobenzene 

CeH.NO, 


Reduction in acid medium 
(Sc/HCI or Zn/HCI or Fe/HCI) 

Reduction in neutral medium 
(Zn dj 9 t + NH,CI) 


Aniline 

C6H5NH2 


Aniline 


Acid medium 
Sn/HCI 


Nltrosobenzen# 

C^HsNO 

2H T Zti-r NH,a 


Pfaenyl hydroxvl amines 
CflHfiNHOH 


Reduction in alkaline medium 
(Zn ■ NuOH or SnCL^NaOH) 



Zn^• NoOH L 2H 




Zn - SaOH\ 2H 


Hvdrazobcnzcne 

CcHsNH-NHCsHs 


/>-Anunophenol 

NH...CeH4.0H 


Acid medium 
Sn.'HCI 

Electolytic reduction 
in cone. floS 04 

Nitration, sulphonation 
haloccnation 


Ol’EsnO.NS 

1 Whatdosou Iinder-^tand bv the term ‘Nitration’ ? Describe the general 
methods used for miration of aromatic compounds. 

How enn vou effect the nitration of (a) benzene {h) phenol (c) toluene? 
hat are the product or products obtained in each case ? 

hat are the products obtained during reduction of nitrobenzene, under 
'^ineren conditions ? 
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4 How is benzene converted into nitrobenzene ? Describe the details of the 
laboratory process. What are its properties and uses ? 

into aniline ? t vi t 

6 Write short notes on : (/) m-Dinitrobenzenc, Ut) T.N.T. 

7, Describe .he laboratory preparation of nitrcbenrene and etve^ ,ts properri« 

and uses. , ... 

S. Outline a simple and direct scheme (indicating the reagent and conditions 

employed to convert : 

(,) Nitrobenzene into azoxybenzene. 

(//) Nitrobenzene into (o) phenyl hydroxylaminc (f>) hyurazobeozene. 

9. Starting from ben^ne describe how would you get a^pme 
benzene? Give its important uses. 

10 What happens when nitrobenzene is reduced ui (a) Ac.dtc solution (b) Neutrel 

.olu.ion fe) Alkaline solution ? . 

11 Write a note on T.N.T. • u . 

^ A hM the lerm Nitration ? How is nitration oi phenol 
12. What do you underttand by the term ^itrai (t'anjab Inter I9i2) 

carried out ? Give the utility of the operation. 



CHAPTER XLVIII 


AROMATIC AMINO COMPOUNDS 


Aromatic amino compounds, as stated earlier, are of two types ; 
linked^ (o^he'benTenTnudetra^d ° 

siae Cham. Examples of the first type of compounds are ; 


NH, 



Aminobcnzcne 

or 

Aniline 



- CHa 

-NH. 
o*Toluidine 



NHj 
m*ToluidlDe 


a CH3 

/^-Toluidine 


Bcn7\Jamme (|^ CH.-NHy g ^.j^arnple of the second type, 


Bcnzylamine 

primary, secondary or tertiary. For e.xample 
rn.lM, ■■ I primary amine whereas QHsNHCH, methyl 

(or d met’lul l"^ ^ C„H,N(CH3T. dimethyl aniline 

(or dimethyl phenyl amine), are examples of secondary and tertiary 

-n i c'iCkYn (C,H,.NH.CeH,)'and triphenyl 

amin\V^'‘^‘ P“^® aromatic secondary and tertiary 

ANILINE, PMENVLAMINE, AMINOBENZENE 

CeHjNH. 

Aniline was first obtained by Unverdorben in 1826. bv drv distilla- 

(Spanish: am7= Indigo). Runge 
(1834) discovered it in coal tar. ^ 

(1) Laboratory Preparation Aniline is conveniently prepared in the 

^aboratorv by the reduction ot nitrobenzene with tin and h\drochloric 



NOo 


+ 6H Sn/HCl I'l 




-NH 


Nitrobenzene 


Aniline 


‘ (v.e.) 
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25 em. of nitrobenzene and 50 gm. »f 

round bottomed flask fitted with a j 5 shaken. A vigorous reaction 

ric acid are added through ^nother^ the acid are added 

takes place. When the reaction h^subs.ded anothc^^ 

and the flask shaken. If the reaction j, ’ repeated until lOO c c. of 

it is necessary to <:ool the fhen^heated on a water bath, with occasional 

the acid have been added. The ^ ^ . vanished The condenser is now removed 

shaking, until the smell of nitroben^n^ ^^ded. A 

and a "Olu^'on of 75 gm. ( dissolves later on and a niline separates out as 

white precipitate ** aniline is separated by steam distillation. 

rn?^n”e'rJrn'anre«ga wUH erber ^ 

E\^heVdis^riro”er and aniline at 180-184^ The reactions taking place during 

the preparation of aniline arc given below : 


Sn + 2HC1 



NO., 


SnCI., + 2H 


-NH. 


2 4- 6 H 



+ 2H..O 


The stannous chloride formed also reduces nitrobenzene to aniline. 



-NOz ^ ^ 6 HCI 



-NH., 


+ .3SnCli + 211..0 


Aniline being a base, combines with hydrochloric acid to form its hydrochloride, 
which in tSrn combines with SnCU to form a double salt, aniline chlorostannate. 


CeHjNHa + HCl 
2 (CgH 6 NH 2 .HCl) + SnCU 


C.H3NH..HCI 


(CfiHr.NH,.HCl)2.SnCI, 
Aniline chlorostannatc 


On addition of an excess of caustic soda, the aniline chloro-siannatc decomposes 
to yield aniline, ds 3 dsrk oil. 

(CeHsNHo.HCI)^ SnCl 4 8 NaOH — 


2C.-H.NH.. • Na-SnO;} -» 6NaCl ‘ 5 H 2 O 
Aniline 


Aniline can also be prepared t 

2. By heatins phenol with ammonia at 300 under pressure, .n the 

presence of zinc chloride. 

ZnCl. 



-OH 


+ NH:, 


300’ 



Nil.. 


H .0 


Phenol 

3. By the action of bromine and aqueous or alroholic potash on 
benzamidc(f e., Hofmann s hromamidc rcaclionl. 

C,H..COfW. +Br, + 4KOH — 2KBr - 

Bcnzamidc 


'.^he white ppt. is due to the formolinn of stannic hvdroxide, which dissolves in 

excess of sodium hydroxide forming sodium stannafc. 

S 0 CI 4 + 4NaOH — ^ Sn(OH)i'+ 4NaCl 
* (Ppt.) . 

Na-jS/Oa H- 3H.p 
(soluble) 


Sn(OH )4 + 2NaOH 


3><\q5' 
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4. lodustrial Preparation. Aniline is prepared on an industrial 
scale : 

(i) By the reduction of nitrobenzene with scrap iron and concen- 
trated hydrochloric acid, iron reacts with acid to produce nascent 
hydrogen which reduces nitrobenzene to aniline. The aniline obtained 
reacts with hydrochloric acid to form aniline hydrochloride (CeH^NH*. 
HCI), which is decomposed by adding milk of lime. The liberated 
aniline is recovered by steam distillation (Fig. I), The crude product is 
.purified by distillation under reduced pressure. 


CONDENSER 



Fig. 1. Manufacture of aoilinc. 

The rcduciion is supposed to take place in the following stages : 

(0 Iron reacts with acid to form nascent hjdrogcn and ferrous chloride The 
ferrous chloride reacts with water (which is also present in excess) to give ferrous 
hydroxide and hydrochloric acid, which, in turn, reacts with more of iron to produce 
more of nascent hsdrogen, used for reducing nitrobenzene. 


Fc 

2HC1 

— ► 

FcCio ^ :h 

•••(//) 

FeCI. 

r 2HX) 

— 

FetOHo -t- :hci 

••(<■/) 

Fe' 

+ :hci 

— 

FeCL + 2H 

CiHsNO. 

+ 6H 

>■ 

CfiHsNH. + 2HoO 



(f/) The ferrous hydroxide produced above mav also act as a reducing agent 
forming nascent hydrogen and ferric hydroxide, thus reducing a further auantitv of 
nitrobenzene. ^ 


Fc(OH),. - M.O 


C.H.NO.. - 6H 


Fe(OH)j - H 
CbH.-N}!., :h..o 


ObviovKiy. the ouantitv of hvdrochloric acid used im U i ♦«. .u . 

required eehen nascent hsdroeen is to be produced from iron and ™d oibv. “’“" 

quantity of hydro- 

tb I'o "'/"“'■“•ured from chlorobenzene bv heating 

the latter with an excess of aqueous ammonia under pressure at 200° 
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in the pressnce of cuprous oxide. 

PI 200 — N H 

+ 2 NH 3 + CujO — ^ 2 ll^ - ~ CuXL - HgO 

Chlorobenzene Aniline 

Physical Properties. Freshly prepared aniline is a colourless oily 
liquid boiling at 184°, but darkens on exposure to light and air.* It 
has a characteristic unpleasant odour and is poisonous in nature. It is 
only slightly soluble in water, but dissolves readily in organic solvents. 
It is volatile in steam. 


Chemical Properties. Aniline shows the characteristic behaviour of 


(i) an amino group and (ii) benzene nucleus. 

(i) Reactions of the Amino Group. 

1 . Basic character. Aniline is neutral to litmus, but combines 
with acids to form salts. For example, with hydrochloric acid and 
sulphuric acid it forms aniline hydrochloride and aniline sulphate 
respectively. Aniline behaves as a mono-acid base. 

CfiH.NH. + HCl — .. C«H,NH,.Ha 

Aniline hydrochloride 

2 C0H5NH2 + H^SOi — ► (CoH.NHJ.H.SO, 

Aniline duipnatc 

The salts are crystalline and soluble in water. 


2. Alkylation. Aniline reacts with alkyl halides to give mono and 
dialkyl derivatives. For instance, with ethyl iodide, monoeih>I and 
diethyl anilines are obtained. 



-NHg 


+ C2H5I 


Heat 


Aniline 






-NH.C.H 


Monoethyl aniline 

-NCCoHj). 


+ HI 



i- HI 


Ethyl aniline Diethyl aniline 

3. Acetylation and Beozoylation Aniline reacts with acetyl chloride 
or acetic anhydride forming and with benzoyl chloride to 

give benzanilide. 

Q-nh coch, ^ 

Aniline Acetanilide 

= + c,,coQH, +nc, 

Denzyol chloride 

Aniline Benzanilide 




+ CICO.CH3 


•The darkening of aniline is known to occur only when aniline is prepared from 
benzene obtained from coal tar. and does not occur if ihe benzene is obtained by 
another method {e.g., from acetylene). Therefore, darkening is probably due 10 the 
oxidation of thiophene which is almost always present as an impurity in benzene 
obtained from coal tar. 


-584 


aniline 


4 Carbylamine reaction. Aniline, when warmed with chlorofom 
and alcoholic caustic potash, forms phenyl isocyanide (phenyl carbyla- 
mine) which is characterised by an extremely unpleasant odour. 



Aniline 


CHCh + 3KOH 


fj^ + 3KC1 + 3 H 2 O 

Phenyl isocyanide 
or Carbylamine 


5 Diazoti/ation. Aniline dissolved in hydrochloric acid, 
with nitrous acid (produced by the action of sodium nimte and dilu^ 
hydrochloric aciJ) at a temperature between 5-tO , to form diazonium 

sail. Thus, 


0 — NH.. 

■ 

Aniline 


• HCl 


-NIl-HCl 

Aniline hydro- 
chloride 



H.O.NO 


— NH..HCI 


Aniline hydrochloride 



5-10° 



Benzene diazonium 
chloride 


2 H 2 O 


The diazonium salts are very important compounds since they are 
.requciUly used in organic synthetic work. 

Il is worth mentioning that aniline reacts with hot 
about 50 ^ in the same manner as the aliphatic amines, producing the 
corresponding hydroxy compound ^^ith the evolution of nitrogen. 


o 


Nil . 


MO NO 



-OH 


•- N. 


H.,0 


. , „ Phenol 

Aniline 

0 Condensation with aldehydes. Aniline condenses with aldehydes 
(equal volumes) on heating to form anils or Sdtijf's base. 


H 



Hen/aldchyde 

.Aniline 



|j^-N = C-CcH5 

Benzylidcne aniline 
{Schijff 's base) 


(ii j Reactions of the Bcn/cne Nucleus 

1. Halogenalinn. .Aniline undergoes haloGenation much more 
readily than ben/enc to yic^d o-anJ /'-subslilution products (Crum 
Hrown and Gibson's Rule). For instance, on addition of bromine water 
to an aqueous solution of aniline, a while precipitate of 2 : 4 : 6 tribromo- 
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■aniline is obtained. 


NHs 

I 



+ 


Aniline 



-r 3HBr 


2:4:6 Tnbromoaniline 
(While ppi.) 

This reaction is almost instantaneous and Is used as a test for 
aniline. 

2. Sulphonation. Aniline, on heating with fuming sulphuric acid 
(sulphuric acid containing dissolved sulphur trioxide) at 180’ yields 
mainly sulphanilic acid (p-amino-benzene sulphonic acid) 

Sulphanilic acid 

3. Nitration. The amino group is too easily susceptible to oxi- 
dation. Therefore, direct nitration Is not possible. However, nitration 
can be anected indirectly by protection of the amino t^roup by aceivlation 
The acetyl derivative is nitrated and the product hydrolysed with 70^ * 
sulphuric acid. Thus, 


Aniline 



Aniline 


-NH H + Cl .COCH3 

Acetaldehyde 




-NH.COCH3 


Acetanilide 


Nitration 

MNO3 -f- H.SO4 


If 


-NH.COCH, 


Acetanilide 

-NH.COCH, 
-NO. 

«-Nitro acetanilide 
-NH.COCH 




O.N- 

P-Nitroacetanilide 



H 

-NH 


o-Nitroaceianilide 

H 

^-NH 

0,N-«s^ 

P'Nitroacetanilidc 


OH 

COCH 


j 


Hydrolysis 



NH. 
'-NO. 

f>- Njtfoaniline 


+ CH., COOH 


OH 

COCH 


Hydrol}sis 



-NH. 

1 1 I 

O.N- 

p-Nitro-anilinc 


CH 3 COOH 


It is interesting to note that direct nitration is also possible provided a very large 
exMSS of sulphuric acid is present rn the nitrating mixture. The product, however 
under these conditions, is mainly /«- nitro-aniline containing a liltjc of the para isomer’ 
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4. CoapHng with diazonium salts. Aniline couples with aromatic 
diazo salts to form azo-compounds, which are brilliant orange-red dyes. 

Benzene diazonium 

chloride 

— N=N-^^ — NH, 

p-Amino-azo benzene 
(brilliant orange red dye) 

(ii) Other Reactions 

Oxidation. Aniline is very readily oxidised, the products of oxidation 
depend upon the oxidising agent employed. For instance, 

(a) with sodium dichromate and sulphuric acid under controlled 
conditions, aniline gives black solid, known as aniline black. 

(b) prolonged oxidation of aniline with the above reagent yields 

yCH =CH. 

benzoquinone, 0=C^ /C=0. 

CH = CH^ 

(c) with bleaching powder or sodium hypochlorite, a purple 
coloured compound is obtained. 

Uses. Aniline is an important intermediate in the manufacture of 
dyes and drugs. It is also used as an accelerator in vulcanisation 
of rubber. 

Tests Aniline can be delected by the following tests : 

1. Aniline gives carbylamine reaction. 

A small amount of aniline is dissolved in excess of dilute hydrochloric acid 
and cooled In icc. To this is added an ice<old solution of sodium nitrite, till a drop 
of the reaction mixture gives a blue colour with starch iodide paper. This solution is 
then added to a solution of [i-naphthol in sodium hydroxide. A brilliant red dye is 
formed. 

3 . A little of bromine water is added to some aniline in a test-tube. On shaking, 
a white ppt- pf tribromo-aniline is obtained. 

4. A few drops of a solution of bleaching powder, when added to a water-aniline 
mixture, produces a purple coloration, which quickly turns brown. 

5. Ferric chloride when added to a solution of aniline in dilute hydrochloric 
acid produces a pale green coloration. 

Acetanilide. Antifehrin^ C0H5NH.CO.CH3 

.\ccianilide is prepared by acetylating aniline with acetyl chloride or 
IxnuT with acetic anhydride. It is conveniently prepared in the labora- 
toivb'. refluxing aniline with glacial acetic acid in the presence of 
a;ih\dious zinc chloride. 



ho OCCHa 

U 


Anhydrous 

Zn^ 


[f^l-NH.OC.CHa 


f H3O 

(v.g.) 


Aniline 


Acetanilide 
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The hot reaction mixture is poured into cold water when crude acet- 
anilide crystals separate out. These are dissolved in water, heated with 
animal charcoal, filtered and recrystallised. 

Properties. Acetanilide is a colourless crystalline compound melting 
atlU**. It is sparingly soluble in cold water, but dissolves readily in 
hot water. 

On boiling with a dilute mineral acid or an aqueous solution of 
alkali, acetanilide undergoes hydrolysis producing aniline and acetic 
acid. 


H : OH 

OC.CH3 

Acetanilide 



NHa ^ CHaCOOH 

Aniline 


Uses. It is used for relieving headache and as an antipyretic, 
that is, for lowering the temperature of the body, under the name 

*antifebrin\ 

Benzylamine. Phenyl melhylamine, CeHsCH-^NH.. 

Benz>lamine is a typical aromatic amine, containing the amino 
group in the side chain. It resembles aliphatic amines in its methods of 
preparation and properties. 

Preparation, Benzylamine may be prepared by the following 
methods : 


(1) By Hofmann's bromamide reaction. Phenyl acetamide- 
CflHftCHgCONHa, is treated with bromine and potassium hydroxide to 
given benzyl amine. 


|j^-CH2.CO.NH2 
Phenyl acetamide 


Br2/KOH 



-CHgNHj 


Benzylamine 


(2) By beating benzyl chloride with ammonia under pressure. 

Cl + H NH3 

Benzyl chloride Benzylamine 



-CH,NH 


+ HCl 


(3) By tbe reduction of pbenyl cyanide. 

0 -C=N ^ 

Na/CaHjiOH 

Phenylcyanide Benzylamine 

(4) By heating benzyl alcohol with ammonia under pressure. 

Q|-ch,oh , _ Q-ch,.nh, 

Be^alcohol Benzyl amine 
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Properties. Benzylamine is a colourless liquid (b.p. 18^®) with a 
characteristic ammoniacal smell. It is soluble in water and the solution 
is alkaline to litmus. Thus, it is more basic than aniline. 

Chemically, benzylamine resembles the aliphatic amines and can be 
regarded as phenyl substituted methylamine. For example, with nitrous 
acid, it yields the corresponding alcohol (difference from aniline). 


-CH.. NHa 
Benzyl aroine 


-r HO. NO 


Benzyl alcohol 


+ Na + H*0 


In addition, it shows the characteristic behaviour of the benzene 
nucleus. For instance, on oxidation with potassium permanganate, it 
gives benzoic acid. 

jl^-CHoNHs jj^-COOH 

Benzyl «mine KM„Oi Benzoic acid 

Cooiparisoo of Aniline with Aliphatic Primary Amines 
Common Properties 

1. Both aniline and primary aliphatic amines give carbylamine 
reaction. 


2. Both react with acids to form salts. 


3. Both can be alkylated at the— NH, group to give secondary and 
tertiary amines. 

4. Both cau be acylated to form substituted amides. 

Different Properties 

1. Aniline is only sparingly soluble in water and its solutionis 
neutral towards litmus. Aliphatic amines, on the other hand, are freely 
soluble in water and their solutions are alkaline. 

2. Aniline reacts with HNOj (NaNO^ HCI) to give diazonium 
salt at low temperatures and phenoi at high temperature.?. Aliphatic 
amines give alcohols even at ordinary temperatures. 


3. Aniline is readily oxidised giving different products under 
different conditions. Aliphatic amines are resistant towards oxidation. 

4. Aniline, bemg an aromatic compound, permits halogenation 
nitration and sulphonation in the nucleus. Aliphatic amines do no! 
permit substitution in the hydrocarbon part. 
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SUMMARY OF A TYPICAL MEMBER 

PREPARATION AND PROPERTIES OF ANILINE 


Nitrobenzene 

CeHfiNOa 


Benzamide 

CgH^CONHg 


Phenol 

CsHjOH 


Properties. 


Reduction (Sn/HCI 
or Fe/HCl) 

Br.,-rKOH 


NH 3 . 300°. ZnCl. 



NH 3 {- Cu^O, 303 


HCI 


Aniline 

QH,NH, 


Aniline hydrochloride 
CeH^NH^CI 


NaNOj + HCI, below 10 




Benzene dtozonium 
chloride. CgHsNXI 


Anil me 

QHgNHg 


NaNOs -i- HCI. at 50 




CHaL alkylation 


CH3COCI, acetylation 


CjHcCOCI, bcnzoylation 


Phenol 

C,H,OH 


Methyl .aniline 
C,H 5 MICH 3 


I CH J 


Dimethyl aniline 
C.HiNtCHaK 


Acetanilide 

CeHcNH.COCMj 


Ben^aiiilide 

CoH^NU.COt.Hi 


CHClj I KOH alcoholic 


C0H5CHO, condensation 


Carbvl amino 
C'oH.NC 


Benral aniline 
C«H,N=IICCcl^ 
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QUESTIONS 


Aniline 

CeH^NH* 


Bfj water, bromioatioa 


Fuming H2SO4, ISO' 


f : 4 : 6 Tribrnmo anilin^ 

CflHa (BrJj.NHs \ 

Suipbanillc add I 

NH8.CeH4.SO2.OH ( 


Protected nitration 


o-and p-nitro aniline 
NHg.CgHi.NOa 


CeHjNjCi, coupling 


H P'amino azobenzene I 

CeHsN = N-C6H4-NH8[ 


QUESTIONS 

^ O- *'r I*"® aromatic amines ? How do they 

differ from each other ? Exemplify your answer ? 

2. How will you prepare aniline in the laboratory? How will you convert 
aniline into (a) phenol (bj benzene (c) acetanilide {d) sulphanilic acid ? 

benzylarmn'e properties and uses, if any, of (a) acetanilide (6) 

,Uc aniline are derivatives of ammonia. Bring out their slmilari- 

lies and uiSsimilanUes m a tabular form. Illustrate your answer with equations where 

(Patna Inter 1959) 

5. Describe the preparation, properties and uses of aniline. (Banaras Inter 1953) 

6. How would you prepare a pure sample of aniline in the laboratory ? Mention 
its important properties and tests you would apply to identify the substance. 

(Jammu and Kashmir Inter 1953) 

i. Describe the laboratory preparation of aniline and draw a neat labelled 
sketch ol the apparatus used. In what respects does it differ from cihylaraine ? How 
docs cthylaminc react with (a) nitrous acid (b) acetyl chloride and (c) ethyl iodide ? 

(Banaras Inter 1957) 

8. (a) Give the preparation, properties and uses of acetanilide. 

(PanJab Inter 1961, I960 S part) 
(b) How will you obtain p-nitro aniline from aniline ? 

(Panjab Inter 1960, 1959 S) 

9. In what chemical properties does an aromatic amine such as aniline differ 
from an aliphatic amine such as methylamine? Give chemical equations and name 
ihc products produced m each case. 

10. Write equations with conditions for reactions bv which nniUn.. nv 
bcnzaml.de (2) phenol (3) p-nitro-aniline. 

11 . (u) wmc a note cu •antifebrinv (Panjab I, „er I9SS S par,) 

o.- H Where possible. What happens When chlorine 

passed tnto anti, 0 = suspended tn sodium hydroxide solution. (L.jab W mipurr^ 
compound '1! 

potassium dichroma.e in sulphuric acid and (rf) ni'^s'add ^ 
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DIAZO COMPOUNDS 


DUzotlsation. Aniline when treated with sodium nitnte and hydro- 
chloric acid at temperatures below 10*’ gives benzene diazonium 
chloride. The reaction may be represented as below : 


O'™' 

Aniline 


+ HCl 



NaNOa + HCl 
-NHa.HCi ^ 

Aniline bydrocbloride 


-NHa.HCl 

AnilinT hydrochloride 
NaCl + HNO> 



a 


+ 2HjO 
Benzene ^azonium chloride 



The process of the conversion of an aromatic amino compound into a 
diazonium salt is known as diazotisation or a diazo reaction. 

The name diazonium salt implies that the 
nitro 2 “n atom? and that it resembles ammonium salu (f//-two, 
nitrogen in French, onium is suffix from ammonium). ^These compou id 

are believed to have the structure 1 x 

J 

where X is any monovalent acid radical. 

The diazonium salts arc extremely reactive compounds^ That^oTarifv^ 
a unique position in aromatic chemistry, only compa idditionat 

halides on the aliphatic side. The 

advantage over other organic synthetic reagents i g r Hv«' ^infTs and 
The7arremployed in the preparation of a large number of dye-stutTs and 

drugs. 

benzene diazonium chloride, CallfiNaCl 

Laboratory Preparation. Benzene diazonium chloride is conveniently 
prepIVed irt?e laSo"^ by adding an 

nitrite to a solution of aniline in an excess of dilute hydrochloric acid. 
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BENZENE DIAZONIUM CHLORIDE 




NaNOo + HO 
+ HO.NO 


Ani'i.ie hydrochloride 



NaO + UNO 



L J 

Benzene diazoniura chloride 


The quantiiy of acid must be enough (i) to react with sodium nitrite 
o Iiber;itc nitrous acid and (iij to keep the solution acidic so that aniline 
is prc'^ent as aniline hydrochloride throughout the reaction. The quantity 
of sodium nitrite added must be slightly in excess of the calculated 
aniount. The temperature must be maintained below 10® because above 
10', the benzene diazonium chloride reacts with water to produce phenol. 


Cl + H OH Abc^ 10" 

Benzene diazonium 
chloride 



Phenol 


No -r HCI 


Practical Details. 15 c.c. of aniline arc dissolved in 40 c.e. of coDcentrated hydro- 
chloric acid diluted with its own volume of water in a 250 c.c. conical flask. Thia 
tlask IS kepi in Kc-cold water for some time. A solution of 62*5 gm. of sodium 
nitrite in about .'0 c.c. of water is also kepi in ice. When suflicicntly cooled, the 
solution is added, in small quantities at a time, to the flask and the contents are 
shaken occasion.illy. The addition of sodium nitrite solution is cooiioucd till a drop 
o| the reaction mixture turns starch iodide paper blue, showing the presence of free 
riitrous acid. 1 he solution of the reaction mixture at this stage, contains benzene 
diazonium chloride, which is normally used as such for synthetic work. 


The reaclion is exoiherniic and, therefore, the containing vessel is 
kept in ice-cold water. 

When needed on an industrial scale, benzene diazonium chloride or 
any other dia/onium salt is manufactured in the same manner as above, 
with the only difference that larger quantities of the reagents are taken. 

Physical Properties. Benzene diazonium chloride is a colourless 
crystalline solid, which turns dark on exposure. It is highly soluble in 
water but only sparingly so in alcohol and ether. Its aqueous solution 
conducts electricity. When dry. it is highly explosive. 

Chemical Properties. Benzene diazonium chloride, as pointed out 
earlier, is a highly reactive compound. It undergoes a large number of 
reactions producing a large variety of aromatic compounds. Its reactions 
arc of two types : 

(ij Those in which the — N-,Cl group is replaceJ by other monovalent 
atoms or groups evolving nitrogen and 

(ii) Those in which the nitrogen atoms arc retained. 

(i) Replacement reactions in which nitrogen is evolved. 


(1) Reduction in alkaline medium. When treated with sodium 
stannite solution, benzene diazonium chloride is reduced to benzene. 

t Na.SnO, + H.O — ► [|^ + M., + HCI + Na^SnOa 


Benzeue 
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■ t I u«i whpn treated with ethyl slcohol? a part 

of "d .o'le^n.ene and ,be K. . con.eued ,n. 

phenyl etliyl ether. 

Warm 



pNaCl +cHa.CHiOH 



+ N. + HCl - CH.CHO 



-NaCl 


+ CH3.CH80H 



-O.C.H5 


HCl + Nn 


Phenyl ethyl ether 

with the evolution of nitrogen. 

Phenol 

Phenol is recovered by steam distillation .candmever’s rcacliun). When 

4. Reaction with certain cuprous sa t (Sa 
a solution of benzene , ‘!^drod^ or fhV cuprous 

solution of f/V cuprous c^lo . cuprous cyanide dissolved in 

bromide in hydrobromic acid ^ bromine 

potassium cyanide, the-NjClgroup^^^ formation of ihe corresponding 

or a cyanogen group resulting 
phenyl halide or phenyl cyanide. 



-NiCI 


+ HCl 



-NjCl ^ 



+ -r HC 1 


+ N> + HCl 



j— N|C1 ^ 


Bromob.*nzeoc 

CUifCNh rt^-CN 



+ N, + K.CI 


Phenyl cyanide 

or cyanobcnzenc 

Cyanobenzenc may be hydrolysed by acid or al.ali .o sive benzoK 

acid. . 

Acid or h COOH + (NH j) 

CflUjCN Benzoic acid 

Cyanobcnzenc ^ .raticrmann’s reaction) Th- 

reacS is‘^rutrm"od’^nSn‘’of ,be‘^^!^dmeyer's reac.ion, where coppe 

powder replaces the cuprous salt. 

^ Cu powder 



-N2CI 



+ N.. 


Chlorobenzene 


594 


CHEMICAL PROPERTIES OF BENZENE DIAZONIUM CHLORIDE 


For getting bromobenzene, the starting material is benzene diazonium 
bromide. 


6. Reaction with potassium iodide. When an aqueous solution of 
potassium iodide is slowly added to a cold solution of benzene diazonium 
chloride, a vigorous reaction occurs with the evolution of nitrogen and 
iodobenzene is formed. 

iQ) +KI — (Q)-' +KCI+N, 

Iodobenzene 

This reaction is of particular importance as it places at our disposal 

a very convenient method of introducing the iodine atom into the benzene 
ring. 


7. Reaction with nitrous acid. When benzene diazonium chloride 
IS treated with nitrous acid in the presence of cuprous oxide, the diazo 
group (NnCl) is replaced by a nitro group. 



+ HNOj 



Nitrobenzene 


+ N* + HCJ 


(li) Reactions in which the nitrogeo atoms are retained. 


1. Reaction with acidic stannous chloride. Benzene diazonium 
c orjde gets reduced with a solution of stannous chloride in concentrated 
nydrochloric acid to pr.iduce a precipitate of phenyl hydrazine hydro- 
cnionde, Irom which phenyl hydrazine can be obtained by the addition of 
an excess of sodium hydroxide solution. 


1 1 J + 2SnCl2 + 4HCI — » 



-NH.NHa.HCl 


Phenyl hydrazine 
hydrochloride 


+ 2SnCl4 


u 


|-NH.NHa HCI 


r .NI.lOH (excess) 



-NH.NHg 


+ NaCl + H,0 


Phenyl hydrazine 


2 . Condensation reactions with aromatic amino compounds or phenols 

(Coupling reactions). 


Benzene diazonium chloride reacts with aromatic amino compounds 

tn shghily acidic medium and with phenols in slightly alkaline medium to 
p;ve nro Jyes. 

medium 

^ U-NH, 

p-Aminoazobenzene 

The above reaction is supposed to take place in two steps ; the diazo- 
ammo benzene first formed rearranges itself into an azo compound. 
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-N, Cl + H NH- 



Acidic 

medium 


Rearrangement 
on standing 



_N = N— NH- 


Diazo-amino benzene 
(Intermediate) 




N= N- 



-NHs 




p-Amino-azobenzene 

With phenol, the reaction may be depicted as below : 

XI OH Alkaline 

-N.a + Q-oH Q 

Pj^qJ p-Hydroxyazobenzcne 

The above reactions are known as Coupling reactions. 

Both the above compounds, v/z.. /.-aminoazobenzene and ^-hydroxy 
azobenzene are typical members of brilliant coloured dyes called azo-djes. 

Uses (I) Benzene diazonium chloride is a very useful synthetic 

reagent and can be used to yield a large variety of 

viz , hydrocarbons, ethers, halogen derivatives, nitro derivatives, etc. 

(2) It is used for the preparation of phenyl hydrazine and azo dyes. 

(3) It is employed in calico-printing. 

Structure of Benzene Diazonium Chloride. a^mline 

with a structure analogous to that of ammonium atoms 

hydrochloride by substituting a nitrogen atom for three hydrogen atoms. 


H 

I 

C^Hg-N-H 

H 

Aniline hydrochloride 


> + 
a 


rC6H5N=Nl+CI 
Benzene diazonium 
chloride 


This representation is supported by the fact of the'^amif'^ordcr as^that of 

of benzene diazonium chloride in its aqueous solution is of the same oracr 

ammonium chloride. . . . . , 

However, formation of azoH:ompounds or phenyl hydrazine hydrochlor.de suggests 
an alternative structure represented as 

[C«Htt-N = N]+Cr 

Probably there is a tautomcrism between these two structures, viz., 

[C„Hs-N=Nl-^Cr— *- [CoH,-N=Nl-^CI 

SUMMARY OF A TYPICAL MEMBER 
preparation and properties of benzene diazonium chloride 

Preparation. 




Aniline 

CcHjNHg 


NaNOa + HCl 
below 10° 


Benzene diazonium chloride 
C.HjNaCl 
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SUMMARY 


Properties. 


Warm with water 


Reduction with 
Sn+NaOH 


Reduction with Sn+HCl 


Phenol 



Phenyl hydrazine 
CcHgNHNH, 


Kl 


CugBra + HBr 


CujCla + HCl 


Cu.O + HNO 3 


CgHsOH 


CeHsOH (coupling) 
alkaline medium 


CeHsNHa (coupling 
acidic medium) 


lodobenzene 

CcHjl 


Chlorobenzene 



Benzeoe dia- 

1 


zuDiufn cnioriuc 
CeH,N,CI 

Cuj(CN)2 + KCN 

Phenyl cyanide 1 
C0H5CN 1 


i Hydrolysis 


Benzoic acid 

C«H5 cooh 



Benzene 
ethyl ether 


, CeHfi+Phenyl-l 
er. CcHftOCaHel 


p-Hydrozy azobenzene 

CjHg-N-N.CeH^-OH 


p* Amino azobenzene 
C6H6-N=NC6H4-NH8 


QUESTIONS 

1 . What are diazonium salts ? What is their importance in aromatic chemistry ? 

2. Explain the term ‘Diazotisation’. How will you diazotise aniline in laboratory f 
What are the essential conditions required ? 
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3. How will you prepare benzene diazonium chloride in laboratory . ^ 

It react with (a) boiling water {h) absolute alcohol (c) cuprous halide with tn 
corresponding halogen acid (</) alkaline stannous chloride (<?) phenol . 

4. Write short notes on (o) the structure of of the diazo salts (6) coupling (c) 
Sandmeyer’s reaction id) Gattermann’s reaction. 


io indusur 

6, How is diazo group introduced into benzene and 
reactions ot this group / 


7. Give the preparation and properties of benzene diazonium ch'oride. 

iPanjab Inier lyjy o; 


8. Discuss in detail the use of benzene diazonium chloride in organic synthesis. 

{Panjab Inter 1955) 

9. Give the preparation of benzene diazonium chloride. How does this com- 
pound react towards (<) aniline io hydrochloric acid (//) stannous chloride in nyu - 
chloric acid {Hi) aqueous solution of potassium iodide (/'O cuprous cyanide solution 
in potassium cyanide ? 

10. Starting from benzene and with the help of diazo reaction, give the prepara- 

tion of any four of the following :—(0 iodobenzene (//) bromobenzene (m) benzoic 
acid (rV) phenyl hydrazine (v) diazo amino benzene. (Panjab Inter ly-to} 
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CHAPTER L 

SULPHONIC ACIDS 


Sulphonation. Benzene, when treated with concentrated sulphuric 
at 80° for 6 — 8 hours, gives benzene sulphonic acid, by the replacement 
. of one hydrogen atom by sulphonic group. 

80® 


f.g. 



- H + OH SO 2 .OH 



-SO 2 .OH 


+ H,0 


Benzene 


Benzene sulphonic 
acid 


This reaction is known as sulphonation. It is possible to introdu^ce 
more than one sulphonic acid groups into the benzene ring , for 
instance, benzene when treated with an excess of fuming sulphuric acid 
acid at 200—250° gives m-disulphonic acid. 


(j^ + 2HO.SO2.OH 
Benzene 


200^50” Q_SO.OH ^ 

I 

SOjOH 

n* Benzene disulphonic acid 


Sails of mcrcurv, silver, vanadium and iodine catalyse the process of sulphonation. 
It has been observed that the presence of groups like methyl (-CHs), hydroxyl 
(—OH) or primary amino (— NH2). facilitates sulphonation. '^creas groups like 
carboxyl(-COOH) or oitro (— NOj) or sulphonic acid (-SOa.OH), retard further 
sulphonation. 

Various sulphonating reagents such as concentrated sulphuric acid, fuming sul- 
phuric acid, chlorosuiphonic acid (CI.SO2OH), sulphury! chloride (SO2 Clai m the 
presence of aluminium chloride, are available. The first named reagent is used if only 
one suipnonic acid group is to be introduced in the benzene ring. For introducing 
larger number of sulphonic acid groups fuming sulphuric acid (containing up to 70% 
of SO2 dissolved in it) is very useful particularly in case of compounds containing 
-COOH or -NOjor —SO-.OH “roup (all meia-directing). 

BENZENE SULPHONIC ACID, CcH5.SO2.OH 

Preparation. Benzene sulphonic acid can be prepared : 

(i) By heating benzene with concentrated sulphuric acid. At 80° 
benzene reads with concentrated sulphuric acid according to the 
equation : 
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Benzene 


+ H2SO1 


80® 

(6 — 8 hrs) 



— SO..OH 


Benzene 
suipbonic acid 


+ H.O 


The water formed during the reaction dilutes the sulphuric acid and, 
therefore, the reaction slows down after sometime. In order to get a 
better yield, fuming sulphuric acid is used. 


(a) By the action of chloro-sulphonic acid on benzene. Chloro-suU 
phonic acid (CI.SOg.SOa.OH) in carbon tetrachloride solution can also 
be used for sulphonating benzene. 


Q-H+aso,.OH _ Q_so,.oh^^^, 

✓ 

This method is advantageous in as much as no water is formed and 
hence the reaction does not slacken. 

Laboratory Preparation. Benzene sulphonic acid is convenienl/ 
prepared in the laboratory by the following process : 

Add benzene (I part) to concentrated sulphuric acid (2 parts) contained in a 
round bottomed flask filled with a reflux condenser, in small instalments at a time 
with constant shaking and cooling if necessary. After the whole of benzene has been 
added, the reactron mixture is heated in an oil bath using an air condenser until the 
benzene has completely dissolved in the acid. This shows that the sulphonation of 
benzene is complete. 

The reaction mixture is poured in a large amount of cold v/ater and the resultins 
solution IS neutralised with powdered barium carbonate which combines with both the 
^nzeoe sulphonic acid and excess of concentrated sulphuric acid forming barium 
benzene sulphonate (soluble) and barium sulphate (insoluble), respectively. 

2(CeHj.S02.0H) + BaCOg — ► (CsH^SOaOlsBa + H-O + CO^ 

Barium benzene 
sulphonate 
(soluble) 

H«S 04 (excess) + BaCO, — » BaS 04 + HjO + CO, 

Insoluble 

Thus, on filtration, the insoluble barium sulphate and excess of barium carbonate 
are retained on the filter paper, while barium benzene sulphonate, being soluble, comes 
down in the filtrate. The barium benzene sulphonate is treated with a calculated 
quantity of dilute sulphuric acid to regenerate the benzene sulphonic acid. 

(C«H6S020)2 Ba + H 2 S 04 — ► 2C6H6S020H + BaSOj 

Ppt. 

The insoluble barium sulphate is removed by filtration. The filtrate is concentrated 
and allowed to stand. Crystals of benzene sulphonic acid are obtained. 

Alternatively, the reaction mixture, after sulphonation (i.e. containing benzene 
sulphonic acid and unrcactcd excess of sulphunc acid) is very gradually added to a 
saturated solution of sodium chloride contained in a beaker standing in ice-cold water 
when sodium benzene sulphonate separates as glistening plates (saliinp our) which are 
filtered off. 
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Manufacture, Benzene sulphonic acid, on a commercial scale is ^so 

,p, w 

enamelled or lead lined pan fitted with a 
mechanical stirrer. If need be, cold water 
can also be circulated through the outer 

jacket (Fig. 1). After the 
over, the charge is taken out from the bottom 
and treated as in the laboratory method. 

Physical Properties. Benzene sulphonic 
acid is a colourless hygroscopic substance, 
which crystallises in plates haying th® im- 
position C,H5.SO,.OH.UH20(m.p.44). J 
is freely soluble in water and alcohol, ns 
aqueous solution is strongly acidic. Hs leaa 
and barium salts are soluble in water. 

Chemical Properties. The chemical pro- 
perties of benzene sulphonic acid can oe 
studied under two headings. 

(i) Reactions of the sulphonic acid group, 
(ii) Reactions of the nucleus. 

• b"lui;h 0 Dic add 0 ) Reactions of the Sulphonic Acid Gronp 

Reaction "ith alkalies and 

^^eurcIrboSrs'm^formthrcorrespouding salts. 





0 


j-SOa.OH ^ 


jj^^^SOj.ONa ^ 
Sod. benzene sulphonate 


a SOo.OH 

. 


•T* 


NbjCOj 


Cr 


-SO...OH 


+ PCI 


2. Reaction «ith phosphorus P««‘«hloride^ fhc'c'rresptnl^nt acid 
■reacts with phosphorus pentachloride to form the corrcsponai g 

170-180® HQ 

Benzene sulphonyl 
chloride 

ga,rfi"li“a) i" > ““ ” 

benzene. 


o 



-SOj.OH 


0 

Benzene 


+ HjSO^ 


+ HoO (Steam) 



SULPHONIC ACIDS 


601 


4 . ReactioD with alkalies at high temperature. When sodium benzene 
sulphonate is fused with a large excess of sodium hydroxide in a nickel 
or silver dish, the sulphonic group is replaced by a hydroxyl group. 

Fuse 

— SOg.ONa - Na OH 

Phenol 


Dr" 


+ Na^SOj 



5. Reaction with potassium cyanide. The potassium salt on 
fusion with potassium cyanide yields the corresponding phenyl cyanide or 
benzo-nitrile. 


jj^- SOo.OK-i-K CN 


Fuse 



-CN 


- K.SO, 


Benzo nitrile 


The phenyl cyanide can be hydrolysed or reduced to yield the corres* 
ponding acid or the primary amine. 

6. Reaction with sodamide. The sodium salt of the acid on fusion 
with sodamide (Na.NH 2 ) yields the corresponding amino compound. 

Fuse 

t.g.. (Q)~ + Na NHj + Na.SO, 

Aniline 

7. Reaction with sodium formate. TTic sodium salt of benzene sul- 
phonic acid, when fused with sodium formate, yields sodium benzoate 
which on hydrolysis forms benzoic acid. 


Fuse 





SOg.ONa + H COONa 


Q-coon., 

Sod. benzoate 


-f- NaHSOa 


jj^^^pCOONa + HOH 


Dil. mineral 


acid 


,<^_COOH 



Benzoic acid 


t NaOIl 


{iij Reactions of the Benzene Nucleus 

Benzene sulphonic acid undergoes halogenation, nitration 
sulpbonation to form the corresponding meta-denvativc in each cas 


1^^— SO 2 .OH 


+ Cla 


Halogen carrier 
room temp. 



-SOi.OH + HCI 


I 

Cl 


m-Chloro benzene 
sulphonic acid 


and 
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hinsbergs reagent 


jj^pSOa.OH^ HNO3 


COOC. H2SO4 

— HoO 



— SO2.OH 


NO 2 

m-Nitro benzene 
sulphonic acid 


0 


-SOa.OH ^ (fuming) 


250 ' 


j|^^SOa.OH 


SOa.OH 

/n*Benzene disulphonic acid 


Uses Benzene sulphonic acid is an important starting material for 
the nreparatioD of quite a large number of benzene derivatives. It is an 
intermediate in the preparation of ^es and drugs |od>um salts of ^ 
derivatives of benzene sulphonic acid {e.g., R.CflH«.bUa.UlNa) are uscu a 

detergents. 

Benzene sulphonyl chloride. Hinsberg's reagent. CaHt,SOX\ 

Preoaration Benzene sulphonyl chloride is prepared by 
benzene ’Tulphonic acid or its sodium salt with phosphorus pentachloride 

at 160 — for some hours. 


0 


SO...OH 


170-180* 


4 PCI 


-SOoCl 


Benzene sulphonyl 

• ^ * ft 



+ POCI3 + HCl 



— SO^'ONa ^ PCI 


170 - 180 * ^"^=^ 802.0 




+ POCl3+NaCl 


The reaction mixture is cooled and poured into water. Being 
immiscible benzene sulphonic chloride forms a separate layer. H is 
recovered by means of a separating funnel and purified by distillation 

under reduced pressure. 

(2) It can also be prepared by treating benzene with an excess of 
chlorosulphonic acid. 


0 -SO2.OH -r HO SO3 CI __ 

Chloro 

sulphonic acid 


jj^^pSOa.Cl 


+ HoSO* 




Physical Properties. Benzene sulphonyl chloride is a colourless oily 
liquid (b-p. 25 1). It is insoluble in water but soluble in ether. It has a 
cliaracteribtic unpleasant odour and has a lachrymatory effect (i.e. causing 
watering of eyes, nose, etc). 
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+ HCl 


Chemical Properties. It gives the following reactions : 

slowly hydrolysed with water but more readilv 
with alkalies, to give benzene sulphonic acid. ^ 

+ H ,0 Q-S 0 ,. 0 H 

Benzene sulphonic acid 

(2) Ester formatioa. With ethyl alcohol, it reacts to form ethvi 

sulphonate. ^ 

QrSO.a-fHO.CH. _ + HC, 

Ethyl benzene sulphonaie 

(3) Amide formation. When shaken with concentrated ammonia if 

gives a precipitate of benzene sulphonamide. * 

QpSO,.NH, 

Benzene sulphonamide 

(4) Reaction with primary and secondary amines. It reacts with 
primary and secondary amines to form substituted amides. Since it does 
not react with tertiary amine, it is used for the separation of primary 
secondary and tertiary amines under the name of Hinsberg's reagem 

SUMMARY OF A TYPICAL MEMBER 

PREPARATION AND PROPERTIES OF BENZENE SULPHONIC ACID 

Preparation. 


a SOa.CI 

* + H.NHa 


HCl 



Benzene 

CeH« 


Heat with cone. H2SO4. 
80 ®, 6—8 hours 


Heat with chlorosulphonlc 
acid 


QH .SOa OH 
Benzene Sul- 
phonic acid 


Properties. 


Benzene Sulphonic 
Acid 

CcHftSO, OH 


NaHCOg or NajCO, or 
i NaOH 


NH 


PC* or SOCI, 



.mm. benzene sulplionatel 
CgH^.SOo OMI^ 


~ff o : ih 


■or 


lienzenc sulphonamide 
' atT 


I 


Benzene sulphonic chloride 
CoHsSOaCI 


I 
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Benzene Sulpbonic 
Acid 

CHSOaOH 


questions 
Fuse with solid 

Fuse with-H.COONa 

Fuse with sodamide 
(NaNHj) 


Hydrolysis (suocrheated 
steam or mineral acid) 

Fuse sodium salt with 
NaCN 



Nitration. Sulphonaiion 
Halogcoation 


Benzonitrilc 

CaH.CN 

Huirolysis 


Benzoic acid 
QH5COOH 


Meta derivatives 
formed 


questions 

, svha. do voo unicraand by i“a"r J i. '' “ 

.™p,c of oco.cne sulphoo.c acd ,0 , 0 r • 

■> Describe the preparation, properties ana 

3 Give the laboratory preparation, four properties and two 

""T'ZTbSuc sulpbonic acid prepared 7 Show by rcac.ioos how i. can be 
^“""nc .« P-o, (c, benrorcacid ,d, an, line and 
"’‘’7 7t ,n detail ihc proparalioa of benzene 

How can son 8C. from the acid (a) phenol (W ben.-o.c ac.d fc^ b^nrenc and^O 

b enzene sulphonyl chloride ? 



CHAPTER LI 


PHENOLS AND AROMATIC ALCOHOLS 


There are two types of aromatic hydroxy compounds : (i) Phenols 

and (ii) Aromatic alcohols. 


(a) Phenols. The compounds in which the hydroxyl croup is 
directly attached to the benzene nucleus are called phenols. 

N 

% 

Examples of such compounds are : 



Hydroxy-benzene 

or 

Phenol 


o-Hydroxy- 

tolucne 

or 

o-Cresol 



m Hydroxy* 
toluene 
or 

m-Cresol 


HO- 



-CH 


p-Hydrox> 

toluene 

or 

/)-Cresol 


Di- and tri- hydric phenols are also known. For example, 


rp^-OH 

o-Dihydroxy 

benzene 

or 

Catechol 


OH 

0-o» 

m-Dihydroxy 

benzene 

or 

Resorcinol 



P'Dihydfoxy 

benzene 

or 

/7-Quinol 


OH 

-OH 
'-OH 

I : 2 ; 3 Tnhvdroxy 
benzene 
or 

P> rotallol 



(b) Aromatic Alcohols. The compounds in which the hydroxyl group 
is attached to the side chain are called aromatic alcohols. Examples of 
such compounds are : 

-CHj.CHiOH 

Benzyl alcohol 2-Phenyl ethyl alcohol 

Phenol and aromatic alcohols differ considerably from each other in 
their physical and chemical properties as will be shown presently. 
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PHENOL 


Phenols are far more important from the industrial point 
They are the starting materials for the manufacture of distinfectants^ 

plastics, explosives, etc. 

PHENOL, HYDROXY-BENZENE, CeHgOH 

( Carbolic Acid) 

Phenol is a representative member of the phenol series. It was dis- 
covered in coal tar in 1833 by Runge who named it carbolic 
=coal. o/e«m=oil). It is the principal constituent of the middle oil 

fraction of the coal tar distillation. 

Preparation. Phenol may be prepared by any of the methods dis- 
cussed below : 

1. By the hydrolysis of benzene diazonium chloride. If an 
solution of benzene diazonium chloride is gently warrned to 50— 55 • 
nitrogen is evolved and a dark coloured solution containing phenol is 

obtained. 


H^olysis ip^OH ^ ^ 

50-55* 

Phenol 

The dark-coloured solution is steam distilled and the distillate is 
extracted with ether. The ethereal solution containing phenol is dried 
with anhydrous potassium carbonate and fractionally distilled using an 
air condenser. 

2. By fusing sodium benzene sulphonate with solid sodium hydroxide. 

If sodium benzene sulphonate is mixed with a large 

hvdroxide and a little water in a nickel or an iron dish and the reaction 

miMure heated gradually to about 300-350“, sodium phenate is formed. 



-N2CI 


-I- HOH 


■ S02.ONa + H. ONa ^ |P^ONa ^ NaHSOa 

(300—350®) 

The resulting mass is dissolved in water and acidified with dilute 
sulphuric acid to liberate phenol which is recovered as in (1). 

Hydrolysis 
dil. HsS 04 

This was the first method employed for the commercial preparation 
of phenol. 




•Benpcne diazonium bi^ulphate is a more suitable reagent, as a 'part^of CaH^NjCI 
decompose.s 10 yield chlorobenzene, due to the side reaction 

CcHjNjCl — ► CaHjCl + N- 

Thus, C-.HsCl will be present as an impurity in the phenol obtained from benzene 
diazonium chloride. 
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3. By the decarboxylation of the corresponding hydroxy acid by heat- 
ing with soda lime. In this method, sodium salicylate is mixed with soda 
lime and the mixture distilled. 




—OH 


+ NaoCOa 


I— OH Soda lime 

COONa + NaO H h^t 

Sodium salicylate Phenol 

4. By the hydrolysis of the oxygen compound of the correspondmc 
<»rjgnard reagent. ® 



— Mg.Br 


Phenyl magnesium 
bromide 


AO 


jJ^^J-OMgBr jl^pOH 

Phenol 


Mg(OH)Br 


Manufacture. Phenol is manufactured by the following methods : 

1. From coal tar. Phenol is recovered from the middle oil fraction 
of coal tar distillation, as described earlier. 


2. From chlorobenzene (Dow’s process). In this method chloro- 
benzene is heated with a 10% solution of sodium hydroxide or sodium 
carbonate at about 300® and under 200 atmospheres pressure in the 
presence of a copper salt (catalyst). 



Chlorobenzene 


+ NaOH 


300«, 200 atm. 



Cu salt 



Phenol 


+ NaCI 


Phenol is recovered from the resulting solution by steam distillation. 


3. From benzene. (Rasching's process). A mixture of benzene vapour, 
hydrogen chloride and air (or oxygen) is passed over copper chloride 
heated to 230“, 



Benzene 


HCI -f iOn 


Catalyst 


Q-^' H.O 

Chlorobenzene 


The chlorobenzene formed is heated with steam at 425“ in the pre- 
sence of silica catalyst. 

i- HOH 

Chlorobenzene Steam 

The hydrogen chloride obtained in the second step is used over again. 
Thus, in effect, this process consists simply in the oxidation of benzene 
with oxygen and is, therefore, very economical. 

This method has been extensively used in the United States and 
Germany since 1940. 


425® 

SiOg 



-OH 


+ HCI 


Phenol 
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PHENOL 


Physical Properties. Phenol is a colourless, crystalline solid (m.p. 
41®) hygroscopic in character. It turns pink on exposure to air and light: 
It possesses a strong phenolic odour. It is partially miscible with water, 
but dissolves readily in hot water, alcohol and ether. It is volatile in 
steam. It is very corrosive, forms bli^ters when brought into contact with 
skin and is poisonous. 


Chemical Properties. The chemical reactions of phenol may be 
studied under the following heads : 

(i) Reactions of the hydroxyl group (ii) Reactions of the benzene 
nucleus (Hi) Special reactions. 

(i) Reactions of the Hydroxyl Group. 

1. Acidic character. Phenol is feebly acidic in character. In 
aqueous solution, it dissociates slightly as : 

C,H,OH CfiH.O- + 


Thus, its aqueous solution turns blue litmus red. 

It forms salts with strong alkalies like sodium hydroxide and 


potassium hydroxide. 

fT'^-on 


+ NaOH 



-ONa 


+ HjO 


Phenol Sod phenale 

But it is too weak to decompose a carbonate (difference from an 
acid). 


2. Reaction with metallic sodium. Phenol reacts with sodium metal 
to form sodium phenale. 



Phenol 


+ 2Na 


Sod. pbenate 


3. Reduction with zinc dust. Phenol is reduced to benzene when its 
vapour are passed over heated zinc dust. 



Phenol 


+ Zn (dust) 




Benzene 


+ ZnO 


4 R?a:tion with phosphorus pentachloride. Phenol reacts with 
phosphorus pentachloride to form chlorobenzene. 



Phenol 


PCI- 


O'" 

Chlorobenzene 


+ POCIs + HC! 


Reaction with acid chlorides. Phenol reacts with acetyl chloride, 
acetic anhydride or benzoyl chloride in the presence of pyridine or dilute 
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sodium hydrox.de to form .he corresponding es.er^ The hydrogen atom of 

the-OH group is replaced by the corresponding acyl group. 


^1^-0 H + Cl COCH 3 

Acetyl chloride 

Phenol 

^-O H + Cl COCcH^ 

Benzoyl chloride 


Alkal 



-O.CO.CM 


HCl 


Phenyl acetate 


Alkali 



fT^a-O.CO.CoHn ^ HCl 


u 

Phenyl benzoate 


The reaction with benzoyl chloride is known as Schotten-Baumann 
reaction. 

6. Reaction with alkyl halides. Sodium salt of phenol reacts with 
alkyl halides to form the corresponding mixed ethers. 


j— O : Na + Br C^H^ 
Sod. phenate 



Eihyl 
bromide 



-O.C0H3 -t- NaBr 


Phenyl ethyl ether 
or Phcnetolc 


The above reaction may also be carried out by passing 
phenol and alcohol over heated thoria or alumina ( c/. preparation 

ethers). 

7 Reaction with ammonia. Phenol reacts with ammonia, in the 
presence of anhydrous zinc chloride, to form aniline. 



Anhy. ZnCl^ 
— H>0 



,-NH, 


Aniline 


. • L r Phenol reacts with neuiral lerric 

chloride fo g've a blue ^r" iolet coloration. Tins react, on is charaCer.st.c 
of all compounds containing a phenolic group. 

(ii) Reactions of the Benzene Nucleus 

Phenol undergoes the usual reactions of the benzene nucleus. It can 

be nUramlrairgenated, and sulphonated. The benzene r.ng can also b 
hydrogenated. 

the nucleus even on treament with chlorine or bromine water at room 
temperature. Under these conditions, the di- and tri-halogenated 

products arc immediately formed. 
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PHENOL 


OH 


OH 



+ SBrj 


Br- 



Br 


Pheool 


Br 


2:4:6 Tribromopheool 
[white ppt.] 

This reaction is used for qualitative and quantitative estinoation of 
phenol. 


2. Nitration. Phenol undergoes nitration more easily than benzene. 

fa) With dilute nitric acid (1 part diluted with 3 parts of water), 
phenol forms o- and p-nitro phenols. 


0 — OH HO.NOj 

Phenol O'Niiro phenol 


+ 



l-OH 

OoN— ' 

p-Nitro phenol 


(b) With concentrated nitric acid, in the presence of cone, sulphurit 
acid, it reacts to yield picric acid (2:4:6 trinitro phenol), a brilliant 
yellow coloured compound. 


OH 

I 

Cone. HaS 04 
f 3HO.NOa — ^ 

Phenol 



OH 



Picric acid 


3. SuIphonatioD. Sulphonation of phenol is very easy. Simple 
dissolving phenol in concentrated sulphuric acid at room temperature 
yields a mixture of o- and ;)-sulphonic acids, the relative composition 
depending upon the temperature of the reaction. Low temperatures 
favour ortho-sulphonation whereas high temperatures favour the formation 
of para isomers. 



Ha SO, 


OH 

I 


ir_Q-so,„ 

o-Phcnol 
sulphooic acid 
(main product) 


OH 



SO 3 H 
p-PhcDol 
sulphooic acid 
(main product) 
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4 Hydrogenation. Phenol vapours and hydrogen, when passed over 
heated nickel at 150-160% yield cyclohexanol. ^ 

OH 

+ , 5 o'^ 160 “ H.c’^CH, 

1 CH 2 

PheDol Cyclohexanol 



e.g.. 



-OH 


+ CHaCl 


Phenol 


Anhyd. AlCIa ff^-OH , 

— > IIJ-CH, 

(o-Crcsol) (p-Crcsoi) 


In this reaction para derivative is the main product. 

(Hi) Special Reactions. 

1 . Liebero.ann-s Ni.roso Reaction. A stnall^ amount oj^phenol ,s 

heated gently with a few ^O'sials of sodium ni for^ ^ or 

few drops of concentrated sulphuric acid . _Q„red in a beaker 

deep blue colour develops. If this reaction green on 

of water, the colour becomes red which again turns mue ^ 

the addition of an excess of sodium hydroxide. 

2 . Kolbe’s Reaction. Sodiuni 

dioxide under pressure (PS atmospheres) at 120-14U to g. 

benzoic acid, i,e., salicylic acid. 

The reaction is supposed to take place as under : 

Under pressure 

..0-40- 

Sod. phenatc 

Oil. mineral 


O 


.r^-ONa 
COOH 


acid 



|— OH 
l-COOH 
Salicylic acid 


Some p-compound is also produced simultaneously, but the main 
product is the ortho-compound. tor 

carbon te“T" ofSli^hTdro^xlde yield salicyl- 

aldehyde (or salicylic acid). 



-OH 


NaOH 


H + cl — CHCI* reflux at 70' 



-OH 

L-CHCI 


i- NaCI + HoO 
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PHENOL 



-OH 

~CHCU 


Alkali 



I-CH(0H)2 -h.O 

unstable Salicyl aldehyde 

Similar mechanism with CCl, will yield salicylic acid. 

aldehydesTnd acidT'“’ 

ben7pnp alkaline solution condenses with 

(a bSnt redTe’);''°"‘'^ “--P°«ding azo compound 


rj^]-N = N-CI 

n 

Benzene diazonium 
chloride 


+ 



—OH 


Phenol 


i-OH 

p-Hydroxy azo-benezne 



Phthaiic 0'’"'“''' =>"''><'nde. Phenol when heated with 

plienolphdmlefnl of concentrated sulphuric acid, forms 


O 

n 

ki'-c> 


II 

II O H 

I 


HoSO^ 

-HoO 




OH OH 
As IS well-known, phenolphthalein is used 


I I 

OH OH 
Phenolphthalein 


“ "'--•Mjuwn. pnenoipninaiein is used as an indicator in acid— 

tratK ns. for it is eolourless in acidic medium and pink in alkaline solution. 

.tt 1^'^ Plienol condenses with form- 

a dchydein the presence of acids or alkalies to vielH rh^ 


plastic bakclite. 

OH 


les to yield the well-known 
OH 



+ H-c/ 
^O 


or OH- 


OH 

S-CH.OH 


OH 




+ 


0 


+ II.CHO 



OH 




CHa 

I 


CH. 


HO- 

Clt,— 



-CHa 
Bakelitc 



PHENOLS AND AROMATIC ALCOHOLS 


613 




Uses. Phenol is extensively “^®^^,|J[eVahcvlic'add. aspirin, salol 

lly used for washing lacquers and in the manulacture o 

sy°l^e^ic fib’?e' ny"lon"and M) as ’a preservative for ink. 

Picric Acid, 2 : 4 ■. 6 Trinitrophenol, C„H.(OH)(NO.03 

Picric acid is prepared by exhaustive ">'^"0" tempera- 

already been pointed out that niifation of phenol with cone, 

ture yields o- and p-nitrophenols and 0 ^/ Hence, nitration 

Sc' acid forms Picric acid but t,K y. Id s very^^po^^^^^^^^^^^ 

is carried out in an indirect way. Pnenoi 
nroduct nitrated. 

ho.OoS-LL^ 

p.phenot 

sulphonic ucio 


qr 

Phenol 


QJI Sulphonatioo 


fj^OH 

.. ll^-SOsOH 
boiling witb 

cone H2SO4 o-Pnenol 

sulphonic acid 


HNO3 


+ :h2S04 


NOo 

Picric acid 

(2) ,t can also be prepared from chlorobenzene as below ^ 

-NO, o^nJ-U'-no.^ 

2 : 4 Dini'»o* 

2 : 4 Dinitro- “ phenol 

chloroben/.cne 


HNO3 + H2SO4 

Q- O.N- 

Chlorobenzene 



Cooc. HNO3 



Properties. Picric acid is a brilliant 

wit^an exJremely bitter taste and hot water. It dissolves 

It is only slightly soluble in water, but stronger than phenol and 

S&ikris.- 1^“ -i.s -» -- - “ 

::::::: 
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benzyl alcohol 


if *’®3ction of phenol with PPI ^ w*u 

forms crystalline potassium picrate, C.H,^OK)(No') 

silken''7abriS"';;;ii:^ and 

laboratory. ' explosive and (Hi) as a reagent in 

Bpn.vl . u , alcohol. QH^CH^OH 

cinnamic acid! /I with benzoic acid and 

been found to be present in jasS; ^ “ has 

' It is a typical representative of aromatic alcohols, 
methods! alcohol can be prepared by the following 

sodium an,algam'!i“nd'wat"e!S‘‘Szyl akoh'oL**'^''" reduction with 

- -CHO Na'H^H^O 

B^nzaldehyde 

n\ R„ r> . ®*eohol 

[^} R.v Canni7zaro’s reaction nf»n»aI.^.»k j . 

aqueous sodium (or potassium) hydLide^ v^>W« 

alcohol and sodium (or potassium)^benzoale/ ^ a mixture of benzyl 



I CnH^CHO 4- NaCH 
Ben/aldchyde 


+ C„H.COONa 

Benzy alcohol Sodium benzoate 


' — • •^v^vjiuui oenzoate 

after drynmw’!! -'mion, 

diMiis olTand pure benzyl alcohol remainTarrMidur distilled. The ether 
laboratory. convenient method to prepare benzyl alcohol in 

alcohol is formed. r soaium carbonate solution, when benzyl 



CHoCI 


2 n 'j— '-n2\.i Ca(OH)2 

Be^chlcride ' 11^ — ' ' ' + CaCh 

. . Benzyl alcohol 

This IS a com^eHcal method for the manufacture of benzyl alcohol. 

pleasant smclf It'r^parlnel^'silubie^ P' with a 

organic soKenis. ^ gy soluble m water, but freely solublein 

reacts with n'ctaMic'^sidium alipbatic alcohols. Thus, it 
:^ulr.,uric acid, acetyl’ 


'^-CHaOH 
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compounds similar to those formed by ethyl alcohol. It is reduced to 
toluene on treatment with hydriodic acid and oxidised to benzoic acid 
on treatment with nitiic acid. 


Thus 


CaHjCHoOH 

Benzyl alcohol 


Na 

PCI5 or HCl 


1 CH3COCI 


HI + P 


cone. HNOj 

« — I — II ' 


CftHsCHjONa 
Sodium benzoxide 


CeH^CHjCl 
Benzyl chloride 


CH3 COO.H2C.C3H5 

Benzyl acetate 

C5H3CH5 

Toluene 

O 


CeHsCHO — - C,H,COOH 

Benzoic acid 


Uses. (1) Benzyl alcohol and its esters, particularly the acetate and 
benzoate, are used in synthetic perfumes. (2) It finds use in medicine 
as a mild anaesthetic and as an antiseptic. It is a specific remedy for 
asthma and whooping cough. (3) It is also used in the manufacture of 

synthetic resins. 

Comparison of Phenol with Aliphatic Alcohols 


Points of Resemblance 

1. Both phenol and aliphatic alcohols react with sodium metal to- 

give hydrogen. . . ^ 

2. Both react with acetyl chloride and acetic anhydride to form 

esters. , , 

3. Both react with PCI. forming chlorides (-OH group is replaced 

Both are reduced to the parent hydrocarbons on heating with 

zinc dust. .. . j 

5. Both react with ammonia in the presence of anhydrous zinc 

chloride to form amines. ... . .u 

6. Sodium salts of both phenol and aliphatic alcohols react with 

alkyl halides to form ethers. 

Points of Difference . 

r»u » • acidic while aliphatic alcohols arc neutral in 

charaiter"‘’^?hlioltr;j:s\"usXith strong alkalies. Alcohols do not 
react. 
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SUMMARY 


2. Phenol is not attacked by halogen acids. Alcohols, on the other 
hand, react easily forming alkyl halides. 

3. Phenol is not easily oxidised. Alcohols are readily oxidised to 
aldehydes or carboxylic acids. 

4. Phenol gives a violet coloration with ferric chloride. Alcohols 
do not. 

5. Phenol gives the typical reactions such as Kolbe's reaction, Lieber- 
mann’s reaction. Reimmer Tiemann’s reaction, etc. Alcohols do not give 
any such reactions. 

6. Phenol reacts with halogens forming nuclear substituted deriva- 
tives. For instance, with Clj (or Br,), 2:4:6 trichloro (or tribromo) 
phenol is obtained. Aliphatic alcohols are first oxidised to aldehydes and 
then get halogenated. For instance, with CU, ethyl alcohol first gives 
acetaldehyde and then trichloro acetaldehyde (chloral). 

7. Phenol reacts with sulphuric acid and nitric acid giving nuclear 
substituted derivatives. Alcohols, on the other hand, form esters (sulpha- 
tes and nitrates). 


SUMMARY OF TYPICAL MEMBERS 

PREPARATION AND PROPERTIES OF PHENOL 


Preparation. 


^od. benzene sulphonatc 
( ,;Mr SO . O.Na 


NaOH solid, Puse 


IJcnzene din/onium 
chloride 


Water, 50—60- 


( hlorobenzene 
1 


Salic^I^c iicid 
( OOll 


Benzene 
t , 11 .. 


NaOM..W. :00 aims 
Cu salt Do»v’s Process 


Soda linic, Distil 


Riischig’s process 


Phenol 


^iriunard rc«ij:cnt 
C , H My Br 


Oj, followed by hydroKsis 
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Properties 


NaOH Solo 


Sod. phenate 
C^HjO-Na 


Na Meial 


Sod. pbenate 
Cr,H,O.Na 


Niiralion 
dll. HNO3 


o-aod p-Nitropheno! 

N03.Cf,Hi.0H 


Nitration 

Conc.HNOs+Conc.H.SO* 


Picric acid 


PC! 


Phenol 

CeHsOH 


SulphonatioD, cone. H-SO* 


Sod. salt + C-HsCl 


Reimer Tieroann’s reaction 

CHCI 3 + 

Reimer Tiemann’s reaction 

CCI 4 + KOH 


Chlorobenzene 


u,“andp-nydroxy benzene 

suipbonic acids 
no ( rill SOj t^lj 


Phenyl ethyl ether 
C,.H ,.() Cdl., 


Salicyladehyde 

c,-n, (Oin ( 


Salicylic acid 
CJIi(Oli)COOU 


Bra water 


Tribromophenol 

C,;UjCOH)Br3 


CHaCl + anhydrous AlCI 


:\ 


Hydrogenation, Ha, Ni, 150<> 


o-and P-Cresol 


Cyclohcxanol 
C^WuOH 


Distil with zinc dust 


Benzene 

CoHo 
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QUESTIONS 


Properties (continued) 


CH3COCI 


Neutral FeCls 



NH3 (anhydrous ZnClj) 


Kolbe’s reaction 
CO 2 , 120—140“. 1—5 atm. 

Coupling with diazo salt 



P'Hydroxy azobenzene 

IC6H5N=N-CaH4{OH) 




QUESTIONS 


1. Describe the commercial preparation of phenol from coal tar. What are its 
imporiani reactions ? 

2. What are phenols and aromatic alcohols? How do they aiffer in their 
chemical behaviour ? 

3. Write short notes on : 

( 1 ) Koibc’s Reaction. Hi) Reimer-Tiemann’s reaction. (///) Coupling reaction- 
and (iVj Cannizzaro's reaction. 

4. How will you obtain phenol from (a) Chlorobenzene (6) Aniline (c) Benzene 
and Ui) Benzene sulphonic acid ? Indicate Uic conditions employed in each case 
What are the uses of phenol ? 

5. (fj) How does Phenol react with (/) phosphorus pentachloridc (//) KOH 
(iii) bromine (iv) HNO3 (v) feme chloride and (v/j phthalic anhydride. 

(6) How is phenol converted into (0 salicylic acid (/i) phenyl acetate (lii) 
bromine (,/v) p*hydroxy azobenzenc and (v) benzoyl chloride ? ^ 

6. How is benzyl alcohol prepared ? What are its characteristic properties and 
uses ? 

Id what respect docs it differ, if at all it does so, from phenol ? 

7. Give the preparation, properties and uses of Picric acid. 

8. ia) How is phenol isolated from ‘Middle oil‘ fraction of coal far distillation ? 

ib) Give four properties involving the hydroxyl group and two properties involv- 
ing substitution of benzene ring of phenol. (PanJab Inter 1961 S} 

9. Give the preparation, properties and uses of : Picric Acid or Salicylic acid. 

{Panjab Inter 1961) 

10, Give two me hods of preparation, two reactions similar to and two different 

from aliphatic alcohols, two uses and two tests of phenol. (Panjab Inter 7960 S) 

11. What happens when hydroxy benzene is subjected to :-(») Fricdel Craft’s 

reaction (n) Reimer T.emann s reaction and (i«> condensation with phlhalic Inhvl 
dr, Jo proronce ot cone. II, SO,. /sTs S- 

!-• ‘he vanou^ stages by which benzene may be converted into phenol How 

does phenol react with the lollovsing : \at bromine water (6) a mixture of concentrated 
niuic acid and sulphuric acid (c) eausuc soda and {d) acetyl chloride ^ 

(PanJab Iruer 1957) 
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AROMATIC ALDEHYDES AND KETONES 


Aromatic Aldehydes Two types of aromatic aldehydes are known : 

(i) Those in which aldehydic group is directly attached to the 
nucleus, e.g., 

i-CHO 

LI^'-cho 

Benzaldehyde Salicylaldehydc 

(ii) Those in which the aldehydic group is attached to the side- 
chain, e.g., 

l-CH^.CHO 


O 



Phenyl acetaldehyde 

The aldehydes belonging to the first type arc true aromatic aldehydes. 

and those belonging to the second type may better be regarded a. aryl- 

substituted aliphatic aldehydes. 

BENZALDEHYDE. C,H-.CHO 

Benzaldehyde is the most important member of the aromatic aldehydes. 
It occurs as glucoside, amygdalin, in bitter almonds, the kernel ot 
apricots, and cherry. Therefore, it is also known as o// »/ almonds. 
Oil of bitter almonds contains 96-96% of benzaldehyde. 

Preparation. Benzaldeyde can be obtained by .he following methods : 

I. By the hydrolysis of amygdalin. The glucoside. amygdalin, occur- 
ing in bitter almonds, on hydrolysis with dilute hydrochloru, acid or b> 
the enzyme emulsin^ yields benzaldehyde. 

CN C.H.CHO + + HCN 

Amygdalin 


Ben/aldchvdc Glucose 


2. By the oxidation of benzyl alcohol. Benzyl alcohol on oxidatioa 
with dilute^ nitric acid or with lead or copper nitrate yields benzaldehyde. 
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METHODS OP PREPARATION 



-CH-.OH 


Cu(N 03>2 or 
Pb(N 03)2 



"CHO 



Benzyl alcohol Benzaldehyde 

\ By the distillation of calcium benzoate with calcium formate. 

Distil 

(C.Hr COO) Ca + (H.COOjCa — ► ^CcHs.CHO + 2 CaC 03 
CaL benzoate Cal. formate Benzaldehyde 

4 Bv the reduction of phenyl cyanide. Phenyl cyanide when reduced 
with stannous chloride and hydrochloric acid in ethereal solution and 
the product heated with water, gives benzaldehyde (cj. Mendius Reaction). 

SnCI, -t- HCI ^-CH^NH.HCI ^ ri^-CHO 

Warm 

Phenyreyanide Intermediate Benzaldehyde 

By the reduction uf benzoyl chloride. Benzoyl chloride may be 
teduced by hydrogen in the presence of platinum or palladium deposited 
over barium' sulphate at 120— 1M>“ to yield benzaldehyde (fo Rosen- 

mund's RcactUn). 

-COCI Q-cho 

Benzovl chloride Benzaldehyde 

6. By the hydrolysis of benzal chloride. Benzal chloride on hydrolysis 
bv boiling with aqueous sodium hydroxide yields benzaldehyde. 

OH 

CHCK N.-,0^boil Q_CH ir ) 

Bcnzarchloride Unstable Benzaldehyde 

Benzal chloride for the purpose is obtained from toluene. 

7 By Gatterman-Koch’s reaction. This is just a modified foriw of 
Friedel-Craft's reaction. A mixture of hydrogen chloride and carbon 
monoxide is passed through a solution of benzene in ether or nitrobenzene 
containing anhydrous cuprous chloride and anhydrous aluminium chloride 
at 40— 45’ and* 70 atmospheres pressure. Probably formyl chloride is 
first formed by interaction between hydrogen chloride and carbon mono- 
oxide which in turn reacts with benzene to yield benzaldehyde. 

HCI + CO — HCOC! 

.0 





-H + Cl - 


\ 


H 


AICI 3 

Cu.CI., 


Benzene 


*<:i-CHO 4 
Benzaldehyde 


HCI 




Formvl 
chloride 

(S) By controlled oxidation of toluene. Toluene, on warming with 
chromvl chloride, gets oxidised to benzaldehyde. 

CrO-.d. r<^>~“CHO 



-CHs ^ 

( 20 ) 

Toluene 

This is known as Etard's reaction. 



+ HCI 


Bcozaldehsde 


(*P-) 



aromatic aldehydes and ketones 
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A mixture of manganese dioxide and sulphuric acid has also been 

used for the oxidation of toluene to benzaldehyde. 

The oxidation may also be bjough. about b, PU-ng toluene vapour 

mixed with air over heated vanad, urn pentoxide. 

R^nTi^ldehvde is a colourless liquid (b.p. 179 ) 
Physical fw of bi«er almonds. It is volatile in steam, 

with an odour resembl e hat soluble in organic solvents like 

It is only sparingly soluble m vsaiei, 

ethyl alcohol and ether. 

. « rhemicallv benzaldehyde is quite rea:live and 

unde"rir;r "rreac^r whi^h can he stud.ed under the follow- 

ing heads : 

fi) Reactions of aldebydic group (ii) Reactions of oldchydic group 
(1) Keaci on^ uj j' of Qromatic nucleus. 

peculiar to henzaldehyde (III) Rear lions j 

(i) Reaetions of the Aldehydic Group. 

e 1 AHaifinn reactions. Benzaldehyde adds up hydrogen, hydrogen 
cyanide! sodium b^u'phite and Gr, guard reagents, in the same manner as 

aliphatic aldehydes do. 

Q-CHO , 

Benzaldehyde 


H.O 


-CHoOH 
Benzyl alcohol 




-CHO 


Benzaldehyde 


OH 

-C»\CN 


Ben/aldehydc cyanohydrin 




-CHO ^NaHSOa 


Benzaldehyde 


, yOH 

[0-"<sO.Na 

Benzaldehyde sod. bisulphite 



-CHO ^ 



Benzaldehyde 


Hydrolysis 
dil. mineral acid 



R 

_C— OMgX 

I 

H 


R 

I 

-C-OH 
I 

H 


Secondary alcohol 


.. u u verv easily oxidised (even by the 

(b) Oxidation. Benzaldehyd 

atmospheric oxygen) to benzoic acid. 
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o 


-CHO 


CHEMICAL PROPERTIES 


[O] 



-COOH 


Benzaldehyde 


Benzoic acid 


It is due to this reason that the outside of the stopper of a bottle 
containing benzaldehyde is usually coated with crystals of benzoic acid. 

(c) Reducing action. Benzaldehyde reduces ammoniacal silver nitrate 
solution, but not Fehling solution (difference from aliphatic aldehydes). 


AgNOa + NH,OH 

2AgOH 

-CHO 



AgOH + NHjNOa 

AgaO + HoO 

0 -COOH + 2Ag 

Silver 
mirror 

Benzaldehyde Benzoic acid 

(d) Replacement reactions. (1) With phosphorus pentachloride. Ben- 
zaldehyde on treatment with phosphorus pentachloride yields benzal 
chloride by replacement of the oxygen atoms. 

0 -CHCL 

+ POCI 3 + HCI 

Benzaldehyde Benzal chloride 

(2) With bydroxylamine and phenylhydraznie. Benzaldeliyde reacts 
with these reagents to yield the corresponding oxime and phenyihydrazone 
respectively. 

|— CH O H NOH * CH=NOH 



-CHO 




Benzaldehyde 

'^-CH O -f- H 


N.HN.C0H5 


Beozaldoxime 

|— CH-N.HN.CsHg 



Benzaldehyde Benzaldehyde phenyl hydrazone 

(e) Schiff’s reaction. Benzaldehyde restores the pink colour of 
Schiff’s reagent (rosaniline hydrochloride solution decolorisedVith sul- 
phur dioxide). 

(ii) Reactions of the Aldchvdic Group peculiar to Benzaldehyde. 

1. Condensation with ammonia. Benzaldehyde differs from aliphatic 
aldeliydcs in its reaction with ammonia as it does not form an addition 
compound with ammonia, but forms a complex compound hydrobenza- 
mide, 

3C,H„CIIO + 2NHj — *. (CoH,CH),N., + 3H,0 

Ucnzaijehyje Hydrobenzamide 

Formaldehyde reacts similar to benzaldehyde. 

2. Cannizzaro's reaction. Benzaldehyde undergoes Cannizzaro’s 
reaction in the presence of dilute caustic soda solution to yield benzyl 
alcohol and benzoic acid. 



2 

Beozaldehyde 


aromatic aldehydes and ketones 

,-CH,.OH 




Benzyl alcohol 
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— CCONa 
Sod. benzonate 


H >0 


aiaenyuc • , . ij^ 

3 Rf*n7^ildehvd6 condenses with acet^loe^ 

hyde'in thl“preVencTo“tu?e sodmm hydroxide solution to g,ve cinnamic 

O . H. CH.CHO _ Q-CH = CH.CH0 ^ 

Cinnamic aldehyde 

Benzd Benzaldehyde reacts with a mixture of acetic 

.<.“2 ■" <»» 

which on hydrolysis yields cinnamic acid. 


■^-CH O + HaCH.CO.O.CO.CHa 


(/) 


Benzaldehyde 



(//) 

Aceiyl cinnamic acid 


Acetic anhydride 

Anhydrous CH=CHCO.O.COCH3 

— >• [I -t- HoO 

CHaCOONa 

Acetyl cinnamic acid 

-CH = CH.COOH 

+ CHdCOOH 


_CH=CH.CO. O.CO.CH3 Hyd^sis 
OH ” “ 



Cinoamic acid 


cetvl cinnaujic atiu u u ^ 

Earlier, it was believed «Thc'conde^n^^^^^ It 

sod. acetate is the condensing reagent. 

The reaction °“ouml boUomed Hatk^l^^'lSOMor^S^^ourTjn^ pouring 

“fs'jrar.rSfed"'* mV-l'.'ltlnTso.unon on acidification preepuates 
cinnamic acid. When benzaldehyde in alcohol solution 

ketonic alcohol. 



H 

I 

-c«=o 

t 

V 


+ 


o 

II 

H-C- 



KCN 



Benzaldehyde -frariline^ Benzaldehyde condenses readily with 

6. Condensation wjth an.lme. or Schiff's base. 

aniline in alcholic solution to give oenzy 



-CH O + H2N-C0H5 



,-Cll = N-CuHr. 


Benzaldehyde 


Benzal aniline ^ 

or Benzylidene aniline (SchitT s base) 
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CHEMICAL PROPERTIES 


(Hi) Reactions of Aromatic Naefeus 

Benzaldehyde undergoes the usual substitution reactions of the benzene 
nucleus. It undergoes nitration, sulphonalion and halogenation (in the 
presence of halogen carrier only), the main products being the meta- 
derivatives. 



-CHO 


Benzaldehyde 


Cone. HNO3 4 - 
Conc. H2SO4 



CHO 


I 


NOo 

m-Nitrobenzaldehyde 


-CHO 
Benzaldehyde 

-CHO 
Benzaldehyde 




Cone. H2SO4 



-CHO 


SOg.OH 

m>BeozaIdebyde suiphonic acid 
CI2 in the presence of a 


halogen carrier 



-CHO 


+ HCI 


m-Chlorobeozaldebyde 


It may be of interest to note that the aldehydic group is not oxidised 
on treatment with concentrated nitric acid. Instead, nuclear substitution 
takes place. 

If chlorine is passed into 6o/7mg benzaldehyde, \n absence of any 
halogen carrier, benzoyl chloride is formed. 


q_cho Boijtag Q-COC.^„^, 

Benzaldehyde Benzoyl chloride 

Uses. 1. Benzaldehyde is used as a flavouring agent. 

2. It is used for synthesising important chemicals like cinnamic 
aldehyde, cinnamic acid, etc. 


3. It is an important intermediate in the manufacture of dyes like 
malachite green and rosaniline. 

Salicyladebyde, o-Hydroxybenzaldehyde, C 6 H 4 .{OH)CHO 

Salicylaldehyde occurs in the oil of meadow sweet as glycoside. 

It is usually prepared by Reimer’Tiemann's reaction, i.e., by refluxing 
phenol, chloroform and aqueous caustic potash at 60 — 70® for nearly two 
hours. 



-OH 


+ CHClj + 3 KOH 


Phenol 



-CHO + 


•Salicylaldehyde 


•Actually, a mixture of o*and p-h\droxy benzaldehydes is obtained from which 
o-hydroxy benzaldehyde (salicylaldehyde) is separated by steam distillation. 
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The reaction mixture is acidified and steam-distilled. Si icsludeh.de 
distill over and is purified through its sodium bisulphite compound. 

i> „ Q.iirvl^ldchvdc is a colourless liquid (b.p. 19/ ) \wth a 

pleasam smell.' It'is insoluble jr'or'phc-n^ 

Llution. Salic>laldchvae Shows femmd sodium amalaam and 

wateth ^yfeTds':-^h;dr;benWl 

potassium permancanale oxidises it to suhc>lic acid. 


i-OH 

^ l-CH-PH 
Salicyl alcohol 



Na.'H^ T- H2O 



-OH 
-CHO 

Saiicylaldchydc 


fOl 



-coon 

Salicylic acid 


With FeCla. it gives an intense violet 

not reduce Fehling solution. silver mirror “(see 

but it reduces ammoniacal siWer nitrate lormm^ 

benzaldehyde). 

Salicyladehyde is used as an intermediate in the prep.aration o 
coumarin. 

Comparison of Benzaldehyde with Acetaldehyde 
Common Properties. 

1. Both benzaldehyde and acetaldehyde form addition products u.t i 

oth form condensation products with hydroxyl:, mine, hydrazine 
and phenyl hvdrazine. 

3. Both react with PCU giving dichloro denvative^. 

4. Both are readily oxidised to give acids. t-, irci.illic 

5. Both reduce ammoniacal solution ot si\er ni r. ^ 

silver. 

6. Both respond to Schiff’s reaction. 

Different Properties. 

1. Benzaldehyde docs not reduce Fehling solution. AcCaldchy.c 

reduces Fehling solution to red cuprous oxioc. 

2. Benzaldehyde reacts with 

Acetaldehyde, on the other hand, forms addition product. 

3. Benzaldehyde reacts with jqucons^ al^kal^^^^ 

?he^ofhefhand “forms"' yellowish brown resinous product ^ 

4. Benzaldehyde docs not undergo polymcri.ation. AcC.iM.lrsdc 

readily polymerises to give para-aldeh) e. h„ri ' -iL-id ''ivim' 

5. Benzaldehyde reacts with mine acid I 
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ACETOPHENONE 


nuclear substituted compounds. Acetaldehyde, on the other bond under- 
goes oxidation when treated with nitric acid and polymerisation when 
treated with ‘Sulphuric acid. 

aromatic ketones 


Aromatic ketones fall under two categories 


r I alkyl type, in which an alkvl group and an aryl group are 

linked to the carbonyl eroup (>C=0), 0 . 5 ., methyl phenyl toone or 
acetophenone, CoFf-.CO.CHn. ^ ^ 


(ii) Purely aromatic type, 
carbonyl croup are arvl ones 
CoHr.CO.C.H,. 


in which both the groups linked to the 
c.g.. diphenyl ketone, or benzophenone, 


r.-, t^f uromatic ketones resemble aliphatic ketones in their 

mei iodj, of preparation and properties except that they do not form the 
bisulphite compound and show typical reactions of the benzene nucleus. 


ACETOPHENONE. METHYL PHENYL KETONE, CgHi.CO.CHa 

pr'-'pared by any of the methods for the prepa- 
ral' 'n ot ketones. Fk>r instance, it may be prepared by distilling a mixture 
ol ilciuin benzoate and calcium acetate. 


^ ' ’’5 COO o OCCH 3 

, Xu- Cii 
•■'**5 COO' O OCCH 3 

ralciiim I'cnzoate Calcium acetate 


^CfiHs-CO.CHa + 2CaCO, 
Acetophtnone 


(2) It may also be prepared by the interaction of benzene with acetyl 
dilondc in the presence of anhydrous aluminium chloride (Friedel- 
C yaji s rciu fiiin). 


I H • Cl .CO.CH, 

Acetsl 

Uen/ene chloride 


Anhy. Aids 



-COCH 3 


+ HO 


Acetophenone 


Physical Propertic.s It is a colourless, pleasant smellinc crystalline 
•oliil. ni.p. 20®, b.p. 20T. It is volatile in steam. 

Chemical Properties Acetophenone resembles acetone In most of its 
Jicir.ica pioperiie> The properties can be studied under the heads : 
(I) addition (u) substitution i iiij oxidation and (iv} reactions of benzene 


1 Addliion reactions, 
yield ihc c'>an.’h\drin and 


It adds up li\ drogen 
ilie sccundars alcohol 


cyanide and hydrogen 
respectiycly. 


T'^-CO.Cii, 

/\^c-:>>phenonc 


HCN 


CH 3 
I OH 
C. 

''CN 

Acciophononc' cyanohydrin 
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^-CO.CHz 


4 - 2 H 


Na/C 2 H 50 H 



I— CHOH.CH3 


^ ^ Methyl pbcnyl carbinol 

Acetophenone 

However, it does not react with sodium bisulphite, 
nitric acid. 



-CO.CH3 


dil. HNO3 



-COOH 


Acetophenone 


Benzoic acid 


Cold alkaline potassium permanganate, however, forms benzoyl 
formic acid (CaHsCO.COOH). 



1-CO.CH3 


alk. KMnOi 

[O] 



-CO.COOH 


Acetophenone 


Benzoyl formic acid 


3. Substitution reactions. Acetophenone undergoes a num er o 
substitution reactions. For example, 

(i) With phosphorus pentachloriae, the oxygen of the carboiul group 
is replaced by two chlorine atoms. 



CH 3 

-C + PCI5 


Acetophenone 


CH3 

1 

-CCI-. 


Methyl phcn>l 

dichloromcihanc 



POCI3 


(ii) With hyaroxylamine ana phe,pl hyarazine. the correspona.ng 
oxime and phenyl hydrazone are formed. 




CII3 

-C = NOH + 


Acetophenone 


Hydroxyl 

amine 


Acctoplienonc oxime 



CH3 

I 

C= O 


-f Hj N.HN.C0H5 



CH3 

-C = N.NH.C,.M 5 + HoO 


hv.tnzinc Acetophenone phenyl hydrazone 

Acetophenone Phenyl ii>urazmc 

¥> .• /.f i»pn7<*np nucleus Acetophenone can be sulphonated 

ana nitra“ thi uLal way, when chieHy the meta compounds are 

However, on chlorination, a-chloro acetophenone, QH.CO.CHXI is 

formed. 
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-CO.CHg 


Acetic acid 


+ CI2 



-CO.CHXl 


a-Chloro acetophenone 


Acetophenone 

Uses. Acetophenone is used as a hypnotic fsleep*inducing) drug under 
the name 'hypnone'. It is also used in perfuming soaps. 

Benzophenone. Diphenyl ketone, C6H5.CO.CgH5. Benzophenone or diphenyl 
ketone is obtained by distilling calcium benzoate. 



_ coo-Ca-b oc-rT^ 


Distilled 



+CaCOs(/) 


Calcium benzoate Benzophenone 

It may also be prepared by Friedel-Craft’s reaction. 

Anhy. AlCIa 



+ ClCOCsHs 
Benzoyl chloride 



COCflHs 


v.g 


Benzene 


Benzophenone 


When needed on a commercial scale, the benzoyl chloride is replaced by carbonyl 
chloride or carbon tetrachloride. 


■0 

Benzene 


+ COCI2 


2 iQl + ecu 

Benzene 


Anby. AlCla 



O 



Benzophenone 


+ 2HC1 


Anhy. AlCl 
-2HCI3 



Diphenyl dichlorometha e 


2H0H 




OH 
Unstable 





Benzophenone 




Properties. Benzophenone is a colourless pleasant smelling crystalline solid 
(m.p. 49°). It is insoluble in water, but soluble in alcohol and ether. 

Chemically, it shows reactions very similar to acetophenone. For example, on 
reduction with sodium amalgam and water, it forms benzohydrol or diphenyl carbinoL 
CcHg.CH^OHj.CeHg. 



+ 2H 


Na/Hg+HjO 



- CHOH— 



Benzophenone 


Benzohydrol 
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Whe. reduced wUh. rinc and hydrochloric acid or dis.il, ed wi.h rinc dus., 
diphenyl methane is obtained. 



O 

II 

-c- 



Zn/HCI 


+ 4H 



-CH.- 



Benzophenone 

When fused with 
formed. 


Diphenyl methane 
'solid potassium hydroxide, benzene and potassium benzoate are 



Fuse 


+ KOH 
solid 



+ kooc-Q 

. Benzene Pot. benzoate 

Benzophenone 

SUMMARY OF A TYPICAL MEMBER 

PREPARATION AND PROPERTIES OF BENZALDEHYDE 


Preparation. 


Benzyl alcohol 
QHj CH 2 OH 


Toluene 

C 0 H 5 CH 3 


Bcnzal chloride 

CoHg.CHCla 


Benzoyl chloride 
CoHjCOCI 


Properties. 


Benzaldchydc 

C0H5.CHO 


Oxid., dil. HNO 3 
or Cu (NOa)* 

Oxid., CrO^CU 
or MnO-) + 65% H.;S 04 

Hydrolysis, aq. NaOH 


Hjr'Pd. 120-150' 


Calcium benzoate 4- 
Calcium formate 


Phenyl cyanide 
CoHeCN 


Distil 


SnCij + HCI. 

followed by hydrolysis 


Oxidation, O 3 


Reduction. Na/Hg + HjO 


Benzaldehyde I 
CoHsClIO ' 


1 


Benzoic acid 
C.II 5 .COOH 


Benzyl alcohol 
CoUbLHjOH 
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Properties. ( Contd,) 


Benzaldebyde 

QHg.CHO 


HCN 


NaHSOa 


NH 2 OH 


CaHjNHNHg 


NH3 


KCN, reflux 


Anilioe, dil. NaOH 


NaOH (excess) 


Caooizzaro's reaction 


PCI 


CH3CHO 
dii: NaOH 


(CHaCOaO, 

Auhy. CHaCOONa 


Cone. H2SO4 


Cone. HNO3, cone. HoSOi 


C! 2 , boiling 


Cyanohydrin 

CaHgCHCOHiCN 


Bisulphite compound 
C5H5.CH(0H)S08Na 


Benzaldoxime 

CaH6CH=N.OH 


Phenyl hydrazone 

CftHjCH-N.CeHs 


Hydrobenzamide 

(C6H5CH)3N8 


Benzoin 

CgHg CH(0H).C0.C6H4 


Benzal-aniline 

CeHgCH^N.CflHg 


Benzyl alcohol + 
Benzoic acid 


Benzai chloride 
CeHgCHClg 


Cinnamic aldehyde 
CbHjCH^CH.CHO 


Cinnamic acid 
CaH 5 .CH-CH.COOH 


m>BcnzaIdehyde sul. acid 

C6H4(CH0).S02.0H 


m>Nitro benzaldehyde 

CaH* (N 08 ).CH 0 


Benzai chloride 

CeHs.CHCig 
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QUESTIONS 

1 How many types of aromatic aldehydes exist? What is the 

and ikeS d!ffe?en« between these typei 7 Illustrate your answer w.th su.ubie 

examples. , . , . , 

2 How will you prepare benzaldehyde in laboratory and on an industnal stale . 
LnipaTe and contras? its properties with those of acetaldehyde. 

3. How will you prepare benzaldehyde from (a) toluene (6) benzene (c) benzal 
chloride and (d) benzonitrile. 

How does benzaldehyde react with (n) dilute nitric acid (6' dilute potassium h> dr- 
oxide (c) dry chlorine (.</) sodium acetate and acetic anhjdrtdc (e) an excess oi 

alkali. 

4. Write short notes on : 

(/) Cannizzaro's reaction Hi) Benzoin condensation (m) 

ClaiUn’s condensation (v) Reimer Tiemann s reaction (vi) Etard s rcacticn. 

5. Give the preparation, properties and uses of (a) ‘Hypnone’ (6) Benzophen- 
one and (c) Salicylaldchyde. 

6. Givelhe preparation and five different properties 

one use of acetophenone. ’• , . „ /oxoi 

7. (a) How is diphenyl ketone prepared ? (Putijah ■ . 

{b) Present a scheme to obtain cinnamic acid from .s') 

8. Describe ihe reactions which arc characteristic of 

given by acetaldehyde. ' ‘ .,ro - f/.i 

9. For what put pose are the ^llowin^ p‘'' .j^Tcacnon I 

Cannizzaro s reaction (6) Fnedel tto Benzoin ct'nden- 

rcaciion (e) Reimer-Tiemann’s reaction (/)Kolbts rca ^iPaniob Inter 1959 S) 

sation (/») Claisen’s condensation. r u...,.! i..hv<tv' 

10. Give the preparation, outstanding reactions and uses (if s] 

How would you distinguish it from acetaldch>de . c. i «i-;t five 

11. Describe how Etard's reaction is carried out with toluene. 
important properties of the product of this reaction. 
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AROMATIC CARBOXYLIC ACIDS 


Aromatic carboxylic acids are compounds derived from the aromatic 
hydrocarbons by replacement of one or more than one hydrogen atoms 
by the carboxylic (— COOH) groups. These are of two types: 


(j) Those in which the carboxyl group is 
directly linked to the benzene nucUuSy for example, 
benzoic acid. 

(ii) Those in which the carboxyl group is 
present in the side chain, for example, phenyl acetic 
acid . 

Acids are termed as mono, di- or tri-carboxylic 
acids if one, two or three hydrogen atoms respect- 
ively are replaced by— COOH groups. 

Phthalic acid is an important dicarboxylic acid. 


j-COOH 

Benzoic acid 

i-CHa-COOH 

J 

Phenyl acetic acid 


0 -COOH 
-COOH 
Phthalic acid 


Hydroxy substituted acids are also known, for 
example, salicylic acid. 


fPl-OH 

H^-COOH 

Salicylic acid 
(o Hydioxy benzoic acid) 


BENZOIC ACID, CcHg.COOH 

Benzoic acid occurs naturally in gum-benzoin (luban) and various 
other resins. It is also present in horse's urine as hippuric acid (benzoyl 
derivative of glycine, CoHjCO.NH.CHa COOH. 

Preparation. Benzoic acid may be prepared by the following 
methods : 

(1) By the oxidation of benzyl alcohol or beozaldeyde. Benzyl alcohol 
or benzaldehyde may be oxidised by dilute nitric acid or chromic acid or 
alkaline potassium permanganate to yield benzoic acid. 

O -CHoOH fj^-CHO [f^-COOH ^ 

KMnOj.HNOa.etc.^W 

Benzyl alcohol Benzaldehyde Benzoic acid 
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(2) By the hydrolysis of phenyl cyanide. 



-CN 


+ 2HiO 


Dil. acid 
(boiling) 



-coon 


NH 


Phenyfcyanide 

It may be recollected that phen>l cyanide may be obtained from 
benzene (a) through sulphonalion or (b) through diazonium salt. 

(”3) Bv the hydrolysis of benzoyl chloride or benzamide. Benzoyl 
chloride or benzamide niay be hydrolysed by boiling with dilute acid or 
dilute alkali, to yield the acid. 



-COCI 

Benzoyl chloride 

i-CONH.. 



HOH 
(dll. acid) 

HOH 

(dll. alkali) 




Benzoic acid 


^-COOH 


-t- MCI (f.) 



+ NHa 


Benzamide 


Benzoic acid 


Benzoic acid is industrially obtained from benzo>l chloride which in 

is^obtained from benzene through Friedel and Craft reaction. 

(4) By meT.ns of the corresponding Grignard reagent, (v.g.) 



-MgBr 


Phenyl magnesium 
bromide 


,-C-OMgBr nydr^sis^._COOH 
D ii^+Mg(OH)Bt 

O 

(Intermediate product) Benzoic acid 



bromioc ^ . i i • • 

n .h. hvdrolvsis of beozotrichloride. Benzotrichlor.de is 
( 5 ) By ' Ill, lime containing a little iron powder 

hydrolysed by reacts with the excess of calcium hydroxide 

(catalyst). o eXfum This .s separated by filtration 

‘anf'treateS wilh hydrochloric acid to regenerate benzo.c acid. 

9 r H CCI, + 4 CatOHjj 2 (C.HjCOOfeCa + 3 CaCI, + 413^0 

Ca-be„zca.e tppt., 


(CGHtCOOJgCa + 2 HCI 


CaCIo + 2 CeHjCOOH 
Benzoic acid 


. - au j o in/iiictriallv emnloved for the manufacture of benzoic 
acid. ™n"nc (from "c^al tar) i's fuiry chlorinated to yield benzotrichlor.de 

which is treated as above, 

«,) By .hcoxidatico o-^a a" dS 

wUh 'ddme" nitric acid"7r'alkaline potassium permanganate to yield ben- 

zoic acid. 
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BENZOIC ACID 


0 -CH 3 ^ rf^-COOH ^ f|^|-CHaCl 

KMnOj KMnOj 

Toluene Beozoic acid Benzyl chloride 



Fig. 1. Preparation 
of benzoic acid. 


(7) By decarboxylation of phthalic acid. 
Phthalic acid on heating with lime or soda-lime, 
forms benzoic acid. 


0 -COOH rj^-j-COOH 

-COOH sodaltae ^ 

Pbtbalic acid Benzoic acid 


+CaCOp 


This method is very widely employed for com- 
mercial preparation of benzoic acid because phthalic 
acid is quite easily obtained by oxidation of naph- 
thalene, occurring in coal tar. 


Laboratory Preparation. Benozic acid is con- 
veniently prepared by the oxidation of benzyl 
chloride with alkaline potassium permanganate. 


5 gm. of benzyl chloride and sodium carbonate 
solution loblained by dissolving 5 gm. in 50 c.c. of water) 
are refluxed for about two hours. During this inierval about 
150 c.c. of potassium permanganate solution are 
added, in small instalments through the condenser 
(Fig. 1). At the end, the precipitated manganese 
dioxide (from the potassium permanganate) is dissolved by 
passing sulphur dioxide through the reaction mixture. On 
coohng. dirty white crystals of benzoic acid are thrown 
down, which are filtered, washed and purified by rccrysiallis- 
ation from hot water. 


Physical Properties. Benzoic acid is a shining white crystalline solid 
(m p. 121-5®, b.p. 249”) soluble in hot water, but sparingly soluble in 
cold water. ’ It is soluble in alcohol, ether and benzene. It is volatile ia 
steam and sublimes on rapid heating. Its vapour are very irritating and 
cause coughing and sneezing. 

Chemical Properties. Chemically, benzoic acid shows the charac- 
teristic properties of the carboxyl group and those of the benzene nucleus. 
As such, the properties may be studied under the following heads ; 

(a) Reactions of— COOH Group. 

(b ) Reactions of Benzene Nucleus. 


(a) Reactions of —COOH Group 

Benzoic acid i.s a stronger acid than acetic acid. It shows the usual 
properties of the H+ ion. 

(1) Reaction with alkalies. It reacts with alkalies or carbonates to 
form the corresponding salts. 



-COONa 


Sodium benzoate 


Na2C03 

^ u 

Benoic acid 


jl^- COONa 
Sod. benzoate 
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With ammonia, it forms the ammonium salt which on heating yields 
benzamide. 

Q-cooh ^ _ Q-COOKH. 

Benzoic acid Amm. Benzoate Benzamide 

2. Reaction with phosphorus penfachloridc and ihionjl chloride. Ii 
reacts with phosphorus pentachloride or ihionyl chloride to >ield benzo\l 
chloride. 


-COOH 


Benzoic acid 


Amm. Benzoate 



-COOH 


Benzoic acid 


i-COOH 


+ PCI5 


-COCI 


+ POCIj T HCI 


Beczoyl chloride 


+ SOCI 2 


i-COCl 


+ SO. + HCI 


Benzoic acid Benzoyl chloride 

3. Reaction with alcohols. With alcohols, it forms the corresponding 
esters. For example, 

0 -CO OH + H OCJ-ls Cone. H.SQ 4 j^^^-COOC.Hi ^ 

Ethyl alcohol 

BcDzoic acid Elh>i benzoate 

4. Decarboxylation with soda lime, fij The sodium salt of benzoic 
acid when heated with soda lime yields benzene. 

fP^_;C60Na + NaO H CjO ^ 


-COOC.Hj 


H.O 


Benzoic acid 


Sod. benzoate 


Benzene 


5. Reactions of salts. OJ The calcium salt on dry distillation >ields 
beozophenone. 

(CHjCOOlaCa — >“ CiUj CO C^iHs -r CdCOj 

Calcium benzoate Benzophenone 

flij The calcium salt, when distilled w'ilh calcium formate, yields 
benzaldehyde. 

(CoHjCOO). Ca + (H.COO)2Ca — ► ZCcH^CHO + ZCaCO^ 

Calcium benzoate Ca formate Benzaldehyde 

(iiij The sodium salt when distilled with benzoyl chloride forms 
benzoic anhydride. 

CoH.COO Na ^ ^ 

CoHfiCO.ci: c„n^co^ 

Benzoic anhydride 


+ NaCl 


(dj Reactions of Benzene Nucleus 

Benzoic acid shows the usual reactions of the benzene nucleus, li 
undergoes halogcnation, nitration and sulphonation, yielding meta 
derivatives. 
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benzoyl chloride 



-COOH 


Halogen carrier 





-COOH 


i 

Cl 


COOH 


ricQzoic acid 



+H2SO4 (fuming) 


- COOH 4.HNO3 (Fuming) 


benzoic acid 



m-Cblorobenzoic acid 
jl^^^COOH 

SO3.OH 

m-Sulpho-Dcnzoic acid 


-COOH 


NO, 

m-Niuobeozoic acid 



Ikes Benzoic acid is used : (i) in medicine as a urinary antiseptic 

and fordisinSg bronchial lubes «0 as a fruit preservat.ve m tbe 
form of its sodium salt (m) in the manulacture of dyestuffs. 

Tests ( 1 ) Benzoic acid is insoluble in cold water, but dissolves in hot water. 

( 2 ) When sodium bicarbonate is added to an aqueous solution of benzoic acid, 

carbon dioxide is evolved. 

0 ) Benzoic acid, on distillation with soda lime, yields inflammable vapour of 

"'Tr If ferric chloride is added to a neutral solution of benzoic acid, a buff colou- 
red precipitate is obtained. 

Benzoyl Chloride, CaHsCOCI 

Benzoyl chloride is obtained by the following methods : 

(i) By distilling benzoic acid with phosphorus pentachlonde or 
thionyl chloride. 


o 


-COOH ^ 



i-COCl ^pocu + HCI 


Benzoic acid 
,-COOH 



+ SOCU 


Benzoic acid 


Benzoychtoride 

rp'i-coci „„ 

‘W (r. ?•) 

Benzoyl chloride 


(ii) By passing chlorine through boiling benzaldehyde. 

_ • » r _ _ 


-CHO 


C1.V 


Boiling 



I— COCl 


+ HCl 


U 

Benzaldehyde Benzoyl chloride 

Industrially, benzoyl chloride is prepared by this method. 

((7i) It is also obtained by Friedel and Craft's reaction by the interac- 
tion of benzene with carbonyl chloride in the presence of anhydrous 
aluminium chloride. 
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Benzene 



Cl CO.Cl 


AICI3 Benzoyl chloride 


Physical Properties. Benzoyl chloride is a colourless liquid Cb.p. 197°) 
with a strong pungent odour. It fumes in air. Its vapours bring tears in 
eyes and attack mucous memberane of the nose. 


Chemical properties. Chemically, it resembles acetyl chloride. 

I. Hydrolysis. It is slowly hydrolysed with water but rapidly with 
dilute alkalies, to yield ben/.oic acid. 


lI'^-COCl 



Benzoyl chloride 


HOH 

Hydrolysis 



-COOH 


Benzoic acid 



HCI 


2. Reaction with alcohol. It reacts with ethyl alcohol to form ethyl 
benzoate. 


jj^-CO Cl + H OC.Hs 
Benzoyl chloride 



-CO.OCJIs 


Ethyl benzoate 


I MCI 


3. Reaction with ammonia. Benzoyl chloride reacts with a concen- 
trated solution of ammonia to form benzamide. 


Q-coc, 

Benzoyl chloride 


+ HNHg 



jj^-CO.NHj + HCI 
Benzamide 


4. Benzoylation. Benzoyl chloride reacts with alt compounds con- 
taining an amino group or a hydroxyl group in such a wav that the 
hydrogen atom is replaced by the benzoyl (CeHjCO— ) group. This reac- 
tion is carried out in the presence of aqueous alkali. 



-OH + Cl OC.C0H4 

Benzoyl chloride 

Phenol 

O -NH H + Cl OC.CcHc 

Benzoyl chloride 

Aniline 


aq. NaOH 



-O.OC.CcHs 


aq. NaOH 


Phenyl benzoate 

Benzanilide 



-NH.CO.CoH, 


The replacement of an active hydrogen atom by a benzoyl group is 
known as Schotten* Baumann's reaction. 

5. When distilled with anhydrous sodium benzoate, benzoic anhy- 
dride is formed. 


CflHjCOONa + CflHeCOCI 
Sodium benzoate Benzoyl chloride 


(CcHjC 0)20 + NaCI 
Benz.oic anhydride 


6. When treated with benzene in the presence of anhydrous alumi • 
oium chloride, it gives benzophenone Fricdel-Crafi’s reaction). 
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AICI3 
— HCi 



-CO— 



+ CeHgCOCl 

Benzene Benzoyl chloride Benzophenone 

Uses. Benzoyl chloride is used for benzoylation purposes. 

PHTHALIC ACID, CeH4(COOH)2 

Ortho-phthalic acid or simply phthalic acid is a typical and the most 
important of the benzene dicarboxylic acids. 

Preparation. (1) By the oxidation of o-xylene. Ortho 
acid) on oxidation with alkaline potassium permanganate yields phthalic 

acid. 



[01 


tO] 



r'H.> — COOH _ 

l-cm ^-COOH ig^-COOH 

^Xylene Phthalic acid o-ToIuic acid 

In fact, it may be obtained by the oxidation of any derivative of ben- 
zene containing two side chains in 1 : 2 positions. 

( 2 ) On an industrial scale, it is obtained by the oxidation of naphth^ 
alene by passing its vapours mixed with air over vanadium pentoxide 

heated to 400 — iOO®. 



o 


VoOg 


Naphthalene 400—500 


i-COOH 
l-COOH 
Phtbalic acid 



r 

In actual practice phthalic anhydride is obtained first, which on boil- 
ing with water is converted into phthalic acid. 

Physical Properties. Phthalic acid is a white crystalline solid. It 
melts at 231® when a part of it is converted into its anhydride. It is 
sparingly soluble in cold water but dissolves in hot water. 

Chemical Properties. Chemically, it shows the typical properties of a 
dicarboxylic acid. 

1. Salt formation. It reacts with alkalies and carbonates to yield 
corresponding salts. 

,-COONa NaaCOa ri^-COOH 2NaOH j|'==^COONa 
l-COONa IJ^-COOH IJ^-COONa 

jium phthalate Phthalic acid Disodium phthalate 

2. Esterification. It reacts with alcohols in the presence of concent 
trated'sulphuric acid to yield the esters. 



0=^OOH + 
Phthalic acid 


H2SO4 


i-COOCoHg 

^ 1— cooh' 

Monoetbyl phthalate 
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COOC2H5 c H5OH 
-COOH “ ^ 


Monoethyl phthalatc 



H,,S 04 
— H 20 


-COOC^Hs 

-cooc'h. 


Dieth>l phthalate 



3. AcHoo of heat. When heated above 230®, it forms phlhalic 
anhydride. 


1 — COOH 

1— COOH 

Phthalic acid 



above 230° 



- co>o + 


Phthalic anhydride 


4. Reaction with phosphorus pentachloride. With phosphorus penta- 
chloride, phthalic acid yields phthalyl chloride. 



-COOH 
-COOH 
Phthalic acid 


-f 2PC! 


COCl 


0-cocl + ^ 

Phthalyl chloride 


5. Distillation with lime. When phthalic acid is distilled with lime» 
benzoic acid is formed. 



j-COOH 

1— COOH 

Phthalic acid 


+ CaO 



-COOH 


+ CaCOo 


Benzoic acid 


Uses. Phthalic acid is used in the manufacture of phlhalic anhydride, 
plasticizers and plastics. It is also used in the manufacture of dyestuffs 
such as eosin, fluorescein, etc. 

CO\ 

Phthalic Anhydride, CsH 4 <' yO 

Phthalic anhydride is obtained by passing vapours of raphthalene 
and air over heated (400-500®) vanadium pento.xide (catalyst,. 

-co\ 

^coy'^ 

Naphthalene Phthalic anhydride 

Properties. It forms white needles (ni-P* It is insoluble in 

cold water, but dissolves in hot water forming phthalic acid. 



O 

v.Os 




-CO\ 

-CO/ 


O + H^O 



Phthalic anhydride 


-COOH 
!— COOH 
Phthalic acid 


(2) When heated with dry ammonia at 200® under pressure, plitiia- 
limide is formed. 



— CO\ 

— co/ 


o 


H 2 NH 


— HoO 


Phthalic anhydride 


Phthalimide 
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SALICYLIC ACID 


(3) When heated with a little phenol and a few drops of concent- 
rated sulphuric acid, phthalic anhydride yields phenolphthalein (see 
properties of phenol). 

Salicylic Acid, 0-I!ydroxybenzoic acid, C6H4 (OH) COOH 

Salicylic acid occurs naturally as its methyl ester (i.e., methyl salicy- 
late) in oil of wintergreen. 


Preparation. 1. By heating sodium pbenate vrith carbon dioxide under 
pressure at 120—140® (Kolbe’s reaction). 


Q-ONa 
Sod. pheaate 


+ COi 


Under pressure 
120°— 140® 


a ONa 

COOH 


0 -ONa 
-COOH 


Dil. mineral acid 


hydrolysis 


a OH 

COOH 
Salicylic acid 


2. By heating phenol with carbon tetrachloride and alcoholic caustic 
potash. (Relmer Tiemann’s reaction). Phenol, mixed with an equiraole- 
cular proportion of carbon tetrachloride, is refluxed in the presence of 
alcoholic potash for 8 hours. 


+ ecu 

Phenol 

Hydrolysis 

li^-C(OH)3 

Unstable 


ale. KOH 

—Ha 






-OH 
-COOH 
Salicylic acid 


Physical Properties. Salicylic acid forms colourless needle*like 
crystals, melting at 159®. It is only sparingly soluble in cold water, but 
dissolves readily in hot water, alcohol and ether. It sublimes at 75°. 


Chemical Properties. As expected from its structure, salicylic acid 
shows reactions characteristic of (i) carboxyl group (ii) phenolic group 
and ( Hi ) benzene nucleus. 

(i) Reactions of the Carboxyl Group 

(1) It reacts with alkalies and carbonates to form salts. 



p OH 

I— COOH 

Salicylic acid 


+ 2NaOH 


Disodium salicylate 



‘ZCOOH + - ^0-COONa 

Salicylic acid Sodium salicylate 

Sodium carbonate does not attack the phenolic group. 


+ H2O + CO, 


aromatcc carboxylic acids 
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(2) It reacts with alcohols in the presence of a suitable deyhdrating 
reagent to give esters. 



-OH 
-CO OH 


HOC2H5 


Cone. H2SO1 


-H.O 



Salicylic acid 


-OH 

'-COOC2H5 
Ethyl salicylate 


(3) When distilled with lime, it yields phenol. 


,-OH 
-COOH 
ali^ylic acid 



+• CjlO 



+ CaCOa 


Phenol 


(ii) Reactions of the Phenolic Group 


(1) It reacts with phosphorus pentachloride, acetyl chloride and zinc 
dust in the same manner as phenol does. 



+ 2 Pocij+ :hci 


-COOH + 0"™C, 

Salicylic acid c-Chloro benzoy 1 chlor.dc 

Phosphorus pentachloride attacks both the groups, si- , — Oil art 


— COOH groups. 

-OH 
I- COOH 
Salicylic acid 



+ CH 3 COCI 


,-ooccih ^ HCI 

f-COOH 

Acetyl salicylic acid 
or Aspirin 




Distil 


-f Zn (dust) 




OOH 


Benzoic acid 


-OH 
-COOH 
Salicylic acid 

(2) With ferric chloride, salicylic acid gives a violet coloration. 
( Ui ) Reactions of Bcn/cne Nucleus 

it gives 2:4:6 tribromo phenol. 


Br 

I 


Hr., 



OH 

Ur-ti^— Br 

2:4:6 Tribromophenol 


(f^OH 
li^-COOH 

Salicylic acid 

Similarly, with fuming nitric acd. 2:4:6 trinitrophenol is obtamed. 

Uses. Salicvlic acid ,s widely used r-V in med, cine as an antisept.c 



642 


SALOL 


and for relieving rheumatic pains (ii) in the preparation ot important 
compounds like aspirin, salo! and methyl salicylate ('mV in the manu- 
facture of azo-dyes. 


Methyl Salicylate. QH 4 (OHlCOOCH 3 

Methyl salicylate occurs naturally in oil of wintergreen. 

It is prepared by distilling salicylic acid and methanol in the presence 
of a suitable dehydratirg reagent like concentrated sulphuric acid or dry 
hydrogen chloride (gas). 

0 -OH DryHCIgas 

-CO OH + H OCH3 COOCH3 

Salicylic acid Methyl salicylate 


It is a colourless pleasant smelling liquid (b p. 224®). It is used in 
perfumery and medicine as a specific treatment for aches, sprains and 
bruises. 


ri ( nyl Salicylate or Salol, C 6 H 4 (OH).COOC 6 Hs 


Phenyl salicylate is obtained by heating salicylic acid, phenol and 
pbosphorus oxvchloride. 


POCI3 

J^Lco OH ~ H OCr.H, 



COOC0H5 
Phenyl salicylate 


It is n white solid (m.p. 42®), almost insoluble in water. It is 
commonly used in medicine as an internal antiseptic. 


Acetyl salicylic acid or Aspirin, CeH 4 (O.COCH 3 )COOH 

Acetyl salicylic acid or aspirin is prepared by acetylation of salicylic 
ucid with acetyl chloride or acetic anhydride. 

H -r CIOC.CH3 rf^-O.OC.CHa 

'i^l-COOH Acct>l COOH 

SalicNiic acid chloride Aspirin 

Aspirin is a white crystalline solid (m.p. 136®). It is sparingly soluble 
in cold w'atcr. It is extensively used in medicine for relieving pains 
(analgesic) and in fevers for lowering the temperature of the body 
'^anii-pyrelic). Large doses, however, are poisonous. 
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SUMMARY OF TYPICAL MEMBERS 

PREPARATION AND PROPERTIES OF BENZOIC ACID 


PreparatioD. 


Benzyl alcohol 

CbHjCH.OH 


Toluene 

C6H5CH3 


BenzovI chloride 
C6H5COCI 


Phenyl cyanide 
CcH5.CN 


Phthalic acid 
CeH^lCOOH)^ 


Phenyl mag. bromide 

CcHjMgBr 


Benzo trichloride 
CftHgCCIa 


Properties. 


Benzoic Acid 
C.HaCOOH 


Oxid. ; dil. HNO3 


Oxid, alkaline KMo04 


Hydrolysis, dil. alkali 


Hydrolysis, 
dil. mineral acid 

Decarboxylation, CaO 


C02. hydrolysis 


Hydrolysis. Ca(OH)2 


NaOH or Na^COs 


PCL. 


Distil, soda lime 


C^IIjOH, cone. H:;S04 


Cj salt+Ca formate, distil 


Benzoic Acid 

CgH^.COOH 


Sod. benzoate 
CfiH.COON 


Benzoyl chloride 
CcHs.COCT 


Benzene 

Colic 


n 


Ethyl benzoate 
CTHsCOOCoH; 


Bcnzaldcbyde 

C.H^.CHO 
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SUMMARY 


Properties (Continued) 

Sod. salt + CeHsCOCl, distil 


Benzoic Acid 

CeHfiCOOH 


Benzoic anhydride w 

{CsHsWsO 


Nitration 


mA’itro-benzolc acid 
cone. HNO3 + cone. H2SO4 I NO2.C6H4 COOH 


Sulphooation 
HsSOi fuming 

Halogenation 
CIg. catalyst 

NH3 


.|m>SuIphonic benzoic acidi; 
I HO.SO 2 C 6 H 4 .COOH I 


m-Chlorobenzoic acid 


Amm. benzoate 
or C«H 5 C 00 NH 4 


^Heat 


Benzamide 

CeHgCONHa 


PREPARATION AND PROPERTIES OF SALICYLIC ACID 
Preparation. 


f 


t 

i 

I Phenol 1 

Salicylic acid 

1 CoHjOH I 

C«H4.(0H).C00H 


Reimer Tiemann’s reaction. CCU, KOH, rcRux. 


Properties. 


Salicylic Acid 
CoH 5 (OH)COOH 


Na2C03 


NaOH 


C 2 H 5 OH 


CeHsOH.CPOCIa) 


Mono sod. salt 
C6H4(OH).COONa 


Di. sod salt 
C6H4(ONa).COONa 


Ethyl salicsiate 
C6H4(OH).COOC2H6 


Pbcnyl salicylate 
C8H4(0H).C00C6H6 
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Properties ( Continued) 


Soda lime, Distil 


Plicnol 

QH-OM 


Zinc dust. Distil 


Salicylic Acid 
CoH4(OH) COOH] 


Benozic Acid 
QH^COOH 


CH3COCI 


Aspirin 

C^HjtO.COCHa) COOH 


< 

PCI5 


0 Chloro benzoyl chloridel 


1 CsH 4 (CI).COCi 1 

% 


reCIa 

• 

Violet coloration | 

i 

QUESTIONS 



1. What are aromatic acids ? How do you dilTcrentiate them from aliplniic 
acids ? Illustrate your answer with examples. 

2. How will you prepare benzoic acid (a) in laboratory (h) industrially ? 

How does benzoic acid react with (ai) acetyl chloride (b) phosphorus pentachlc- 
ride {c) bromine in the presence of halogen earner. 

3 Give the preparation, properties and uses of benzoyl chloride. 

4. Represent schematically, hosv you would obtain benzoic acid from (u) I'henol 
(6) benzoyl chloride fc) toluene and (</) aniline. 

How does benzoic acid react with (a) hot soda lime (6) ammonium hydroKido 

and heating strongly and (c) heating alone . 

does^ai ^ 

the compounds obtained in each case. What is their imporian^i, . 

6. Write short notes on : / • wuiiiniir Tnlwdride 

(/) Aspirin (/») Salol {Hi) Benzoylation (o) I hdialic anhydrioe. 

dceTphtSi^ 

ammonia {</) soda lime. , -1 i 

8. How will you convert Give equations ^and^he cxperimcmal 

chloride and phihalic acid into benzoic acid ? Oi%e cquauc 

conditions, where possible. of 

9. State four methods of pcparalion of an aromatic aci 5) 

*^To.’" Represent the steps by which («) phenol (/») benzene can be converted into 
'"Tii'^Gire’the preparation, properties and uses of (a) --aniUdeJM ^ph.M acid- 
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QUESTIONS 


1 1 . Give the method of preparing phthalic anhydride. How docs it react with (A 
water (//) ammonia (in) phenol with a drop of cone. H 2 SO 4 ? (Panjab Inter 1951 S) 

12 . How are ths following compounds obtained from salicylic acid ; (/) Phen^ 

(/»■) Aspirin (Hi) Salol (/v) Methyl salicylate ? (PanJab Inter J958 S) 

13. How does benzoyl chloride react with the following compounds ; (a) ammooia 

(b) methyl alcohol (c) water (d) phenol (e) aniline? Give equations and name the 
important products in each reaction. (PanJab Inter 1958 S) 

14. Describe (a) Kolbe's reaction (b) Reimer Tiemann’s reaction for the prepara* 

lion of salicylic acid. How are the following prepared from salicylic acid : (a) methyl 
salicylate (ft) aspirin (e) salol ? (Panjab Inter 1957) 

15. Give the outlines af methods for the preparation of benzoic acid and indicate 
how far these are similar to the methods used in the preparation of fatty acids. Under 
what conditions (a) bonzamide (ft) benzoyl chloride is converted into benzoic acid? 

(Panjab Inter 1957 5) 

16. Give the laboratory preparation of benzoic acid. Enumerate its important 

reactions and tests. (Ponjab Inter 1955 S) 

17. Give the prepiralion and reactions of aromatic dicarbaxylic acids. Give the 
name and formula of an acid from the aliphatic series which can give similar reactions. 

(Panjab Inter 1954) 


appendix I 

MISCELLANEOUS QUESTIONS 
(A) Structural Formula. 

ot A ^^as 15, indi 01 • hehiinn solution but ctlcrvcsc^d Nsbcn 

D^^.ce .he n.o^lecular anh urucu.al .or„.a,ac 

°* ^rllt ^ CHiO.C.H.O.. ; HCHO ; CHjCOOHj Uanmm am/ Aa./„m> Inler 1953) 

1 . (f, 0 2905 em. of an organic monobas.c acid when burn, yielded 0'6160 gm, of 

‘^°i/?)”on todng w°.h“'Sd; lime, i.s sodium sal. gave benzene. 

(hi 1 . forms .wo ser.es of salu and .wo series o. es.ers, 

'-^io‘.i.r 'rve^?ar«'’rb^u".'.he air'hn-d^om^.s s.ruc.ura, formula. 

tAns. QHi (COOH)^. Phlhalic acidj {Panjab Inter iVSI) 

3. A dicarboxylic acid was analysed as follows : 

0*378 gm. on combustion give 0*264 gm. of carbon dioxide and 0162 gm. of water 

Vapour* 

0*105 gm. in solution neutralised exactly 25 milli-liires of N 15 NaOH. 

Assign a formula to the acid. LAns. fCOOH;.2H.O,0 (P. t/. /./.r 

^ onlv C H and O was found t)> anai>»i> to coiuain 

4. A Tfic vap^ dicioyl c.ier wa» lound to Oe 73. 

C = 26 7% and H 2 2/o- lAiis iCOUHj->J {^Jummu and hUinniir Inter 

What IS the acid i i • ' - 

r oAoiK hvdrocarbon were exploded with 105 5 c.c. of oxygen. 

5. 15*0 c.c. of occuDied 75 0 c c. On treatment with a strong solution 

After cooling, the residual ° tSnher reduced to 30 0 c.c. Dcieimmc the molecular 
of caustic potash the structural formula. 

formula of propane, CH^-CH.-CH,) (P.t/. T.D.C. Part I Exam. 1962) 

6. Wrile down the structural formula of each member of the following parts ol 

isomers : knimce tb) Ethyl acetate and methyl propionate ic) Normal 

(a) Normal and isod^u ancs (6 ^^^Ugarh Inter 1959) 

and iso'propyl groups i, i au'J *. 

(B) Conversions. 

7. outline a scheme for thy»^^ Methanol into 

(/) Ethane into mio propionic acid and vice versa (i) Mcihyl- 

Clhanol and ''■cc^ersa (<v) Ac c acetaldehyde (v/i) An unsaturated 

amine from acetic acid 0 ) ^ct'c aciu iPanjah Inter 1955) 

hydrocarbon into a saturated hydrocarDon. 

8. 'y*’! Pjljyl alcohol (6) Methane from Ethane (c) Mcthyl- 

^[SrAcct^i a^'J^fromV^ropionic acid 7 M.. 7962) 

9. How arc ‘h^ /“''""ihS 'K'f j,) Benzene to Benzaldehydc (./) 

(fl) Benzene to Aniline (b) Aniline to pm-noi ko (^Punjab Inter 1962) 

Toluene lo Benzoic <t«n<L bv whi'h phenol can be convcrlcd into Bcn/oic acid. 

10. Mcltn^lan^ Ethylamioc can be converted 

(6) Present a scheme by which Mciuyiaminc unu / {Panjab Inter 1961) 

into each other. 


11. Outline a simple and direct scheme (indicatine the reagent and the cooditloos 
• employed) to convert :(/) Toluene into T.N.T. ('■/) Benzene into salicylic acid (Hi) 

Benzene into benzamide (»V) Chlorobenzene into benzene (>») Nitrobenzene into 
azobenzene (vi) Aniline into p-nitroaniline (vrV) Benzyl alcobo! into toluene (viH) 
Plithalic acid into benzoic acid. Panjab Ineir 1961) 

(C) What Happens ? 

12. What happens when : 

(a) Potassium acetate (or succinate) solution is electrolysed (6) sodium formate 
is heated (c) Nitrous acid ads on urea and aniline separately (d) Glycerine is heated 
with oxalic acid (e) Formaldehyde is treated with ammonia (/) Ethyl alcohol is 
heated with bleaching powder 7 (Rajpt4tana Inter 1959) 

13. Whai happens when : 

(/) Hvpochlorous acid acts on ethylene (i7) sodium hypobroraite acts on urea 
(Hi) Acetyl chloride acts ox glycerol ? (Rajpuiana Inter 1950) 

14. Explain with equations what happens when : 

(a) Nitrobenzene is reduced with stannous chloride and alkali (ft) Ethyl iodide is 
heated with (/) alcoholic potash and (ii) aqueous potash (c) Glucose is warmed with 
phenyl hydrazine in dilute acetic uetJ solution. (Delhi Pre-Medical I960) 

1 5. Write equations and names of the important products when : 

(/) Sabatier and Senderen’s reaction takes place (it) Sodium succinate is electro* 
lysed (Hi) An alkyl halide reacts with sodium alcoholais fiV) Nitroglycerine explodes 

(v) Sodium alkoxide is heated with CO under pressure and the product hydrolysed 

(vi) Tartaric acid is reJu:cd with HI (v7j) Biuret reaction takes place (vH) chloroform 

is oxidised in the excess of oxygen. Panjob Inter I960 Sept.) 

16 Write equations and names of important products when ; 

(i) Ethane is chlorinated in shade. 

(/i) Williamson’s synthesis takes place. 

(Hi) Ethjl acetate reacts with ammonia. 

(»v) Citric acid is heated to 150®C. 

(v) Acetamide is subjected to Hofmann's bromamtde reaction. 

(vi) Ethyl amine is hc.'ited with chloroform and alcoholic potash. 

(v/i) Fructose reacts with acetic anthydride. 

(v/ii) Sucrose is warmed with dil. mineral acid. (Panjab Inter I 9' 

17. Discuss the changes with equations in the following reactions : 

(a) Ethylamine is treated with nitrous acid (b) chlorine is passed through acetic 
acid (r) glycerol is heated with oxalic acid and (d) tin and hydrochloric acid react 
with nitrobczenc. (U. P. Board Inter 1959) 

18 . Write equations for the reaction, betwern : 

(I) Sodium acetate and soda lime <u) Ethylene and alkaline KMoOi (///) Ethylene 
absorbed in HjSOi and product boiled with water (iv) Glycerol and oxalic acid at 
1 lO^C tv) C and H to form tartaric acid (vi) An alkyl isocyanide and boiling alkali. 

(Punjab Inter 1952) 

(D) Equations. 

19. Give equations and names of products when the following substances react * 

(fl) Formaldehyde with (i) ammonia and (iV) caustic soda (b) acetaldehyde with 

(0 ammoniacal solution of silver nitrate and (//) Fehling solution. 

(c) Acetone wult tij chlorine and (iV) phosphorus peotachloride. 

Panja’> B. Sc. Pan 1 1961) 

20. Name the reactants A.B, C, D and the functional group present therein, in the 
fi-illowiDg equations and write one more characteristic reaction of the group so found : 


(0 

'iiii) 


A + CHaMgl 
B + PCis 
C 


Mg 




NH.CH3 


\ 


I 


+ CHi 

T POCI3 


HCl 

160° 


2I’ wentfj'the substances A, B and C and the functional group in the following 

^ ^ U /^l _L_ 


(CH3)2CCI., - 

CH.Cl 

I 

CH.OH 

3CH3I -r N3PO3. iPanjab Inter 1961 Sept.) 


(0 A + 
(./) B + 


SOCI2 
2H 


C^HjCl + SOa 

(CH3)2 choh 

C 4- M2^U4 ' C2H5.HS04 4- HaO. 

u . A n «»!c and the functional group in the following 
er.uSion^aSd'tUll^r.'jror/.'ofcVll^c.rcharact of the functional group : 

Alk.KMu04 CHoOH 
(0 A + O + HaO »- CHwOH 

iKi ro ♦ CHI 3 + 5Nal + HCOONa 4- 3 CO 2 4- THaO 

07) B 4- 4I2 + BNaoCOa — ► '-”‘3 ^ 


CH =CH— CH.,l (via an unstable Intermediate compound;. 
^ CH3.CHO + HCl [Paniab Inter I960) 


Oil) c Hi or PI3 

* . » A R r and D and the functional group present 'tj. 

23. Name the one more characteristic reaction for each of 

the following equations. Also write o 

the functional group so found • 


(1) A + H2SO4 
00 B 4- 2Hl 
(Hi) C 4* Clo 

(IV) D 4- 2Na 
(E) Short notes 


C2H5HSO4 4- H .0 
2C2H5I 4 - HaO 
CCI3.CHO 4- 3HCI 
2CH3COONa 4 - Ha 


(PanJab Inter 1961) 


24. Explain what 'Beam by and"etoms“ t/'ui.M /n,cr 1962) 
‘"TTpLin r:: hcip of one tiiusfra.ive examp.e in each, wha. is mern. by 

any four of the following . SaDonificatioo (c) Hvdrogenation of oils (cf) 

(d\ Markownikolf's Rule ib) SapoDihcation . 

""b^rnm;:::^^^ Scboi.e„.Bau.anh-s 

r rr “ nndcrr::^™" 

27. Wiile illustfativ nrsn nf oils (lii) Optical or stereoisomerism (fv). 

(i) Polymerisation (») ^y^^^f^f^Monosaccharides (vi) Multiple elfeci evaporator 
Dcscint of a homologous senes lv> Monosaccharides t ; ^ 

SuIpbonalioD. 


(iv) 


(F) Distinguish between. 

30. Give tests to distinguish between. 

(a) Aliphatic and aromatic compounds (6) Urea and acetamide (cj phenol and 
ethyl alcohol (if) Methyl alcohol and ethyl alcohol (e) Cane sugar and grape sugar 
(/) Oxalic acid and tartaric acid. 

Show that you understand the chemical reactions on which the tests arc based. 

(Rajpuiana Inter 1952) 

31. How will you distinguish between : 

(a) Urea and acetamide (6) Tartaric acid and oxalic acid (c) Methyl alcohol and 

ethyl alcohol (</) Glycerine and concentrated cane-sugar solution (e) Vegetable oil and 
kerosene oil ? {Rajpuiana Inter I960} 

32. How will you detect that : 

(fl) A given solution contains acetic acid or formic acid. 

(b) A given liquid is aniline or phenol. 

(f) A given powder is benzoic acid. 

(d) A given powder is glucose, and 

ie) A given liquid is benzene {U.P . Board Inter 1953} 

33. Give two distinguishing chemical reactions of the lollowing pairs of 
compounds : 

tu) Meihvlamlne and dimethylaminc (6) Formic acid and acetic acid (c) Bcnzal- 
dch>de and aceiaidehsde (J) Glucose and oxalic acid. {Oeliii pre-medical 1960} 

34 Give the tests b> which primary, secondary and tertiary amices can be dis- 
tinguished ftoni one another. How will you get meihylamine t^tom acetic acid ? 

* (Panjab B.6c. Part 1962} 

(.G) Preparations. 

35. Give the preparation and two uses of ; 

Acciunilidc or Aspinan ; Picric acid or salicylic acid. {Panjab Inter 1961 part I) 

36 Describe the preparation, properties and uses of iricbloro methane. 

{Panjab Inter 1962} 

37. Describe the preparation of pure nitrobenzene. How will you obtain (0 
Phenol and (/O Azobenzenc form nitrobenzene ? {Panjab T.D.C. Pan 1 1962} 

35 How can a halogen atom be introduced in (0 the side chain and (ii) the 
nucleus of an aromatic hydrocarbon ? Describe the dilTcrcnce in chemical behaviour 
of the compounds formed. Why is it that iodo derivatives cannot be prepared by 
direct iodinalioo ? How is the dithculty overcome ? (Panjab T.D.C. Part 1 1962} 

39. Describe the laboratory preparation of any three of the following : 

Dieiby Icihcr, ethyl acetate, nitrobenzene, toluene. (Delhi Pre-medical 1960) 

40 What is fermentation ? Discuss the preparation of ethanol and lactic acid by 
this method. Pre-medical i960} 


appendix 

TYPICAL REACTIONS OF VARIOUS FUNCTIONAL GROUPS 

More than a million orsanic compounds are known at present and 
this number is increasing at the rate of about 5 per cent per annum. It 
is impossible for anvone to remember all of them along with their 
characteristic properties. Fortunately, however, all these compounds 
fall into different categories depending upon the nature of their func- 
tional croups. In the present chapter, therefore, the typical reactions 
of some important functional groups have been discussed. This 
small chapter will help the students to g.Uher conveniently and 
economically the most essential and basic information regarding titosi 
of the organic compounds. This is also likely to be useful for a quick 
revision Wherever possible, the difference in the properties of a 
particular group, when present in an aliphatic or an aromatic 
compound, has been pointed out. For exact conditions of reactions, 
reference is to be made to the previous pages. 

The Alkyl Group -R- The monovalent alkyl groups, such as 
methyl (-CH 3 ), ethyl (-QH 5 ). etc., are present m almost all aliphatic 
compounds. They comprise of C— H anchor C C bonds Norma l>. 
these bonds are quite stable. Under suiiahle conJnions. however, the 
alkyl groups undergo substitution reactions, such as hahgenation. 
nitration, sulphonation and oxidation. I'hus : 


H 
I 

C 

I 

H 


-C-H + X-X 


Hulogcnation 
diffused sunlight 


H H 

I I 

— C— X, — c-x. 


X 

1 

-c-x 


H 


H 


X 


Nitration 


HO-NO2 


Q jqO.. Nitro compounds 

I 

H 


H 

Sulphonation | 

HO-SO,-OH— ► -C-SO,-OH Sulphonic acds 

I 


H 


H 


H 


Oxidation 


-C-OH. 

I 

H 

Alcohol 


-C-OH, 

1 

OH 

i -HiO 

— CHO 

Aldehyde 


OH 

-C-OH' 

f 

OH 

-COOH 
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THE ARYL GROUP 


The most characteristic reaction of the alkyl group, however, is 
faalogenatioo. Thus, the alkyl group present in any compound will 
respond to substitution by halogens, e.g., 


CHj.COOH CHXl.COOH CHCla.COOH CCI3.COOH 

Acetic acid — HCl Chloroaceiic ~HCI Dichloro -HCI Trichloro 

acid acetic acid acetic acid 


CI2 ' CU 

CeHs.CHa — CcHsCH.Cl — ; 

Toluene No Benzyl —HCl 
(boiling) catalyst chloride 


Cl* 

C^HjCHCla — ► QHsCCIa 
Benzal —HCl Benzo 
chloride trichloride 


Note. An alkyl group, attached to an aromatic nucleus on treat- 
ment with acidified KMn04 gets oxidised to — COOH group^ whatever 
may be the length of the alkyl group. 

o- 



0 — R KMnOi 

{R may be — CHj or — C2H5 


0 -COOH 
-COOH 

or -C3H7, etc.,) 


The Aryl Group. The aryl group, CaHj— (phenyl), present in most of 
the aromatic compounds is the benzene cing bereft of a hydrogen atom 
and hence it shows the typical substitution reactions of the benzene 
■nucleus, such as halogenation, nitration, sulphonation. The positiotns 
taken by the substituents will, evidently, depend upon the nature of the 
group attached to the aryl group {cf orientation rule). Further, if the 
group attached is ortho and para-directing, substitution lakes place 
easily and if it is meta-directing, more drastic conditions are required. 


X-X 


-CeH^-X 


Halogen 

derivative 


Nitration 

HO-NO. — -C.H.-NO, Nitro 

: compound 

; Sulphonation 

HO-SO2-OH — ► — C.Hj-SOa-OH 

Sulphonic 

acid 

Further substitution is also feasible depending upon the conditions 

The OleBnic Group. \c=c/ . Olefinic group is a sign t 
unsaturation. The characteristic property of the group is additioi 
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d’epresented in a general way as 

I 

C a — C— a 

II + I — ^ I 

C b — C— b 

/\ I 

Thus, ethylene, a typical member of the olefins, forms addition pro- 
•ducts with hydrogen, halogens, halogen acids, sulphuric acid, hypo- 
chlorous acid, hydrogen peroxide, ozone, etc., under suitable conditions : 


— C— b 


CH2 


H 

X H 

H 

HO 

II 

+ 

1 

1 1 

1 

1 

CH2 


H 

X X 

HSO^ 

Cl 

Ethylene 


i 

i i 

i 

; 



CH3 

CH2X CHj 

CH3 

CH>OH 



1 

1 1 

1 

1 



CH3 

CH2X CH.X 

CH,..HSO, 

CH.CI 

CH2 


OH 

OH 



11 

+ 

1 

1 

1 >0 


CH* 


OH 

H 

0 ^ 


Ethylene 


i 

i 

i 




CH2OH 

CH2OH 

CHo — 0 




1 

1 

/ ■ 1 




CH2OH 

CH3 

0 I 



CHa— O 

(X=C1. Br, I) 

Another characteristic property of the olefinic group is its easy 
attack by oxidising agents, e.^.. 


CHa 



KMn 04 alkaline 

CH.OH 

II 

+ 

H 2 O + 0 

» 

1 

CH 2 


(Bacyers reagent) 

CH 2 OH 

Glycol 


CH 2 



KMn 04 acidic 

H COOH 

II 

+ 

4(0) 


"f* 

CHj 



or acidic 

H.COOH 


Formic acid 

The Acetylenic Group, — C=C — . Acetylenic group Indicates 
greater unsaturation and greater reactivity even than the olefinic group. 
The characteristic property is again addition represented In a general 
way as : 

(ij Addition of one molecule. 

\ 

C a — C — a 

III + f II 

C a — C — a 

1 



THE HALOGEN GROUP 



(ii) Addition of second molecule 


-C-a 

II + 

-C-a 



a — C — a 

I 

a— C— a 


The addition of second molecule in case of unsymmetrical molecules 
(e g.» HX) takes place according to Markownikojf*s rule. 

The acetylenic group is also readily attacked by oxidising agents;>g.. 


CH 

111 

CH 



KMn 04 acidic 



COOH 

COOH 


CH Chromic acid 

111 + H,0 -H O — ^ 

CH 


CHa.COOH 


Note. Compounds containing olefinic 
undergo polymerisation giving different 
conditions. 


and acetylenic groups 
products under ditferent 


The Halogen Group, -X. (Cl, halogen gr^up 

Sdes (e.g.. c;h,-CH,-X), is in wi^h the carbon 

atom and is readily replaced by almost all other groups. Thus . 


R-CHa— 

(R=H,CH3. 

C2H5 or CflHft) 


X + H— H 

K— OHaq 

K-CN 

♦ 

Mfl— OR' 


R-CH3 
R-CH2OH 
R— CHaCN 
R-CH2OR' 


Paral 


Primary 

alcohols 

Cyaoides 

Ethers 


H— NHa ale. 

• « 

4 

Ag-OOCR' 
Ag— NO3 

K— ONO 

H-CeHs 


Primary 

ammes 


R— CHoNH, 

R_CHa— OOCR' Esters 


R-CHoNOg 


Nitro 

compounda 


R— CHg-ONO Nitriles 


AICI3 


R— CHa— CflHft 


Homologuea 
of benzene 
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(ii) The halogen group present in the 
vinyl chloride, CH.=CH-C 1 or chlorobenzene, 

-Cl 


=c— 
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X, as in 



is firntly held by the -rbon aton, and i^-t en^/y replaced Thus^, the 

reagents like KOHaq., KCN, RONa, NH. AgNO„ ^ ^ 

react. The halogen group in such cases can uc i h 

drastic treatment, e.g., 

300-350® 




Cl + Na OH 
cone. 

-Cl 


280 atm. 
200* 



-OH 


+ NaCI 


4- 2NH3 + CuoO ^ - 

60 atm. 



-NH2 ^ CunClj + H2O 


and so on. . 

(ui) The following reactions are given whether the ha ogen ^.rou 

present in the structure -C-C-X or -C=C-X . 

eiher 


R-X + 2Na + X— R 


R_R (Wurtz reaction) 


R— X + Ms 


dry ether ^ 

p R-Mc— X 

Grignard reagent 

(R may be CHj, C.H, or CcHi. C.H.CH,) 

The Hydroxyl Group -OH. CH OH 1 ;hyl’’Xhol. 

linked to the benzene nucleus (^e.g., phenol, ([ ). 

phenolic hydroxyl. nhenolic) cives the 

(i) The hydroxyl group (whether alcohohe or phenol.c) . 

following typical reactions : 


R-OH 

(R may be CH nt 
CjHs or CoH,CH 2 
or C0H5) 


Na metal 
PCI 5 or SOCI 2 
CH 3 COCI 

(CHsCO);© 

Zn dust 

NH.1 

ZnCl2 


R_ONa + iHo 
R_ Cl i- POCI3 + 
CH3COOR + HCI 
CH3COOR + cH^coon 
R—ll + ZnO 
r—NHo + llaO 
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THE CARBONYL GROUP 


alcoholic hydroxyl group, however, differs from phenolic- 

® J-espects. (cf. comparison of alcohols with 

nniv .f adds is a reaction typicaF 

only of alcoholic hydroxyl group : 


r-CHo— 


R-=CH3, 
C2H5, or CgH; 


OH + H— Cl 
H— Br 

H-I 

« 

H— HSOj 

A 
# 

H-NO3 

# 

RCH2O— H H-HOi OCR 


RCH2CI 

RCH^Br 

RCH2I 

RCHsHSOj 

RCH2.NO3 


Alkyl or aryl 
chloride 
Alkyl or aryl 
bromide 
Alkyl or aryl 
iodide 
Alkyl or aryl 
bisulphate 
Alkyl or aryl 
nitrate 

RCHgOOC.R Alkyl or aryl 

ester 


Another typical property of the alcoholic hydroxyl group, when 
present as primary or secondary alcoholic group, is its oxidation : 


H 

R— C— OH 

I 

H 

Primary alcohol 

R 

1 

R— C— OH 


H 


R— C-OH 

I 

OH 

Unstable 


H 

-H2O I 

R-C =0 

Aldehyde 


OH 


o 


R-C =0 

Acid 


O 


R 

I -HgO 
R-C-OH 


H 

Secondary 

alcohol 


OH 

Unstable 


>C =0 

Ketone 


group reactions are typical only of phenolic faydroxyk 


CeH.OH + HONa 


FeCI 


The Carbonyl Group, \c=0. The carbonyl group, ^C=0, h 

The following reactio^T are typicai 
of the carbonyl group, whether present in aldehydes or in ketones 


CgHjONa Sodium phenate 
Blue or violet colouration 
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\c=o 

+ 

H-H 


CN— H 


SOsNa-H 
(2) Replacement Reactions. 


^ ^CN 
\sO.Na 


Alcohol 


Cyanobydrio 


Bisulphite compound 


\c— . 


O + H: 


H 


H 


CUP 


N— OH 


N— NH 


N— HNCfiHs 


X' 

^Cl 


\c=N-OH 
\C = N— NH, 

\c=N-HNCcH 

/ ^C! 


Oxime 


Hydrazooe 


Phenyl 

hydrazone 


Dihalide 


• •*« ••• 


The following reactions are typical of the carbonyl group when ,t 
Is present in the form of an aldehyde group. — ’ 


O 


R-C— H 


O 

Aldehyde group 


Fchling soln. 


r-C-OH 

II 

o 

r-c-oh + 


Red ppt. of CuoO 


AgNOa 
moniaca I 


O 

R_c— OH + 
II 

o 


Silver mirror 


Schiim^agen. 

(R may be H, CH3. or C H C.H^CH. Fchling soiut.on. 

however, is not reduced by benzaldehyde.) 
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THE SULPHONIC ACID GROUP 


The Carboxyl Group, — The following reactions are 

^OH. 

^typical of carboxyl group. 


R— COOH 


Na 


R-COONa + 


NaHCOg 


R—COONa + CO2 + HaO 


NH3 -H2O 

R-COONH4 — R-CONHg 

Heat 


PCUor 


SOCI2 


R— COCl + POCIg + HCl 


R-COOH - 1 - H OR 


R-COOR 


Ester 


R-COOH + HONa 


R—COONa 


Sodium salt 


Cl OCR 


R_CO- 0 — OCR Anhydride 


HOOCR 




R— CO— O— OCR Anhydride 


R— COONa + NaOH 


RH 


Hydrocarbon 


(R may be CH3.C;:H5,C3H- or CoH^) 

The Sulphonic Acid Group, — SO2.OH. The sulphonic acid group 
may be contained in aliphatic or aromatic compounds. Aromatic 
sulphonic acids are more important. The following reactions are 
typical of sulphonic acid group. They are, however, more representa- 
tive of sulphonic acid group in aromatic compounds : 


R-SOo.OH 


Na 


NaHCO. 


NH 


R.SOoONa + iH, 
R.SO^ONa + CO2 + H9O 


POj or 
SOCI2 


heat 

R.SOoONH* — .. R.SOaNHa 

— HgO Sulphonamide 

R.SO2CI -!- POCI3 - 1 - HCl 
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R-SOa.OH 


+ HOR 
HONa 


R.SO2.OR Sulphonic cstcp 
R.SOg.ONa Sodium salt 


Steam 


R- SO..OH+HO H 


RH 


Hydrocarbon 


R— SOs.ONa + Na OH(s) 

NaCN(s) 
Na NHaCs) 


fuse 

fuse 
— ♦ 
fuse 


ROH 

hydrolysis 

rCN — ► R.COOH 

RNH. 


(Rin this case stands for QH5. It may also stand for higher 
alkyl radicals such as hexyl, heptyl, etc.) 

O 

Acid Chloride Group, -C-CI. The following reactions are typical 
of the acid chloride group. 

O O 


R— c— Ci + h;oh 


HOCoHs 


HNH. 


HHNR 


HNR. 


Na.OOCR 


X-Mg-R 


HH 


r_C-OH 

O 

II 

R— C-OCH5 
O 


Acid 


Ethyl eMcr 


r-c-nh. 

o 


I^_C— NHR 
O 


Amide 


Substituted 

amide 

Disubstituied 

amide 


R— C— NR, 

O 

^ ^ Q c R anhydride 

O I 

II O 

c — Keloncs 

O 


Pd 


II 


R-C-H 
O 

AICI3 II 
R R — C — CcHft 


Aldch>dcs 


Benzokciones 


HC0H5 

• • rsf the tvoical reactions of halide 

These reactions are reminiscent oi tn yp 

groups (cf. page 674). 
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THE AMINO GROUP 


o 


Acid Amide Group, — C — NH^. 
of the amide group : 

R.CONH2 4 - Bra + 4 KOH 


The following reactions are typical 
RNH2 + 2 KBr + K2C03+2HaP 

(Hofmann's Bromamide reaction^ 


acid or 

R.CO NHa + H OH — R.COOH + NH3 

alkali 


R.CONH. 


R.CONH. 


R.CONH. 


Na 


4 H 


-HjO 

P2O. 


R.CONHNa -f- 


R.CH2NH2 + H2O 


R.CN 


The Amino Group, — NHo. All primary amines, whether aliphatio 
or aomatic, contain the functional group, — NH2. The following 
reactions are typical f the primary amino group : 

RNHs + HOH RNHaOH ^ [RNH.,]^ + OH" 


+ HCl 

+ 2 HC 1 + PtCIi 


-f RX 

+CHCl3i-3KOHalc. 


RNH3CI 

(RNHa)H,PtCl3 Chloroplatinate of 
“ amine 

RX RX 

R-NHR — ► R3N — ► R4NX: 


+ HONO 


RNC + 3 KC 1 -h BHgO 

(Carbylamine reaction) 

NaNOt/HCI 

ROH 4 - Na + H^O 


R NHH + CIOC.CH3 

Cl OC.CeHs 
ClO^S.CeHs 
CH3CO.O.OC.CH3 

RMgX 


RNHCO.CH3 Substituted acetamide* 
RNHCO.CfiHs Substituted _ 


benzamide 


RNHSOX0H5 Substituted benzene 

sulphonamide 

RNH.COCH3 Substituted 

acetamide 

RH Hydrocarbon 


(R= CHs, C0H5... QHj, CeHsCHa) 
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The reaction of NaN02 + HCl with aniline is different. We get 
benzene diazonium chloride. At high temperature, however, the 
reaction is similar. Also, aniline does not give OH“ ions with water.) 

Compounds containing more than one functional groups. Many 
compounds contain more than one functional groups, e g., glycine, 
(amino acetic acid), NH^ GHjCOOH ; chloroacetic acid, 
CI.CHo.COOH ; hydroxy acetic acid, HO.CHg.COOH ; lactic acid, 
CH3.CHOH.COOH ; 


salicylic acid 


O 


-OH 
— COOH 


0 -OH 
-CHO 


etc. 


These compounds generally typical reactions of both the functional 
groups. For example, amino acetic acid gives the reactions typical 01 
an amino as well as of carboxyl group, as shown below : 

Reactions of — COOH group. 

— H^O 

iHaN.CHa. COOH + NaOH — NHa-CHsCOONa 

-HjO 

C2H5OH — ► NH2.CH2COOC.H5 


PCL — NH.CHgCOCI-h POCI3 

* “ +HCI1 


Sodaltmc 

CaO — CH3.NH2 


ISIH3 — NH2.CH2COONH, 

NaHCOa — ► NHi.CHiiCOONa-l-COa 

-f- H-jO 


Reactions 0/— NH2 group. 

HOOC.CHai NHa 

+ HCl — *■ 

CH3COCI — ► 

CeH^COCl — H. 

MONO — 

CHCI3 -T 3 KOHalc. 

CHal — ^ 


[HOOC.CH-NHJ+Cl- 
HOOC.CH..NHCOCH3 -f- HC! 

HOOC.CH.NH.COCeHs f HCl' 

HOOC.CH2OH + Nj + HaO 

HOOC.CH..NC -I 3 KCI 

-I- 3H2O 

HOOCCH.NHCHs -h HI 


Looaaitbus 



nm 


10 [0000 

11 i04l4 

12 ‘0702 

13 11139 

14 bl401 

15 |i7ai 

16 |2041 

17 |2304 

18 [:2553 

10 [2783 

20 fsOlO 

21 113222 

22 3424 

23 3017 

21 3802 

25 13979 

26 4150 

27 4314 

25 •'4472 

20 4624 


0043 

0453 

aS28 

U73 

1492 

1790 

2068 

2330 

2577 

2810 


l0O86 0I28 0170;02J2| 
0492 05310569:0607 
0864 0890 0934'0969 
1200 !23‘» J27ri303 
1523 1553 15S4 IGH 
1818 1847 1675^1003 
2095 2122 2148:2175 
2335 2380 2405^2430 
2601 2625 2648,2672 
2833 2856 2878 2000 


3032 

3243 

3444 

3630 

3S20 

3997 

4166 

4330 

4487 

4639 


4771 
f4914 
5051 
5185 
,5315 
5441 
5563 
6682 
|6798 
159 1 1 


4786 

4928 

5065 

5198 

5328 

5453 

5575 

5694 

5800 

5922 


3054 

3263 

3404 

3C:.5 

,3838 

4014 

4163 

4346 

4502 

4654 

4800 

4942 

5070 

5211 

5340 

5465 

5587 

5705 

5821 

5933 


3075 

3284 

3483 

3674 

3856 

4031 

4200 

4362 

4518 

4669 

4814 

4955 

5092 

5224 

5353 

5478 

5599 

5717 

5832 

5944 


3006 3116 
330413324 
35023522 
3692 3711 
3874^ 3892 
4048^ 4065 
4216 4232 
4378' 4393 
4533^4548 
4683.-4698 


212 0253|0204 
607 0645 
969 1004 1038 
303 1335 1367 
GH 1644 1673 
903 1931 1959 
175 2201 2227 
430 2455 2480 
672 2695 2718 
000 2923 2945 

116 3139 3160 318 
324 3345 3366 3385 
522 3541 3560 3579 35 
711 3729 3747 3766 3784| 
892 3909 3927 3045 3062« 
065 40S2jl099 
232 1210 
393 4400 
1548 4 564 
1698 4713 4726 


in 

m 

i 4 

28 

54141 


4829|,4843 
4969,4983 
5105.5119 
5237v5250 
5366,5378 
5490 5502 
5611,5623 
57295740 
58435855 
5955! 503C 


40 ,6021 

41 6128 

42 6232 

43 [6335 

44 ,6435 

45 6532 

46 6628 

47 6721 

48 ;6812 

49 6902 


6081 6042 6053 
0138 6149 6160 
6243 6253 0263 
6345 6355 6365 
6444 0454 6161 
6542 6551 6561 
0637 6046 6656 
6730 6739 6749 
6821 6830 6839 
6911 6920 6928 


6064 ,6075 
6170'6180 
0274;62®' 
6375'63S5 


;6090 6998 
7070 7084 
7160 7168 
7243 7251 
7324 7332 


7007 701 o' 
7003 710)' 
7177 718;, 
7259 7267 
7310 7318 


0474;61S4 
0571 6580 
66C5'0075 
6755 6767 
3818.6857 
i6937''f,016 
II 

7034 7033 
7n0*71lK 
7193’ 7202 
7275,7284 
7356-7361 


7042 

7)26 

7210 

7292 

17372 



485: 

499: 

5132|5 
5263 
5391 
5514 
5635 

5752 5763 
5860 5877 
5977 S9SS 

6085 6006 
6191 6201 82 
v2‘‘'l 6304 63 
0395 6405 
6193 0503 
C.'.OO Q599, 
6'>S1 6693 
677C. 0785 679 
OSGC 0375 088 
S 6955 090: 






























Logarithms — Continued 


1 

0 

1 

2 

65 |7404 

7412 

7419 ' 

56 17482 

7490 

7497 : 

57 I 7559 

7566 

7574 ; 

58 

r634 

7642 

7649 : 

59 

7709 

7716 

77231 

eo 

7782 

7789 

7796 1 

61 

7853 

7860 

7868: 

62 

7924 

7931 

7938: 

63 

7993 

8000 

80071 

64 

8062 

8069 

8076 

65 

8129 

8136 

8142 

66 

6195 

8202 

8209 

67 

8261 

8267 

8274 

68 

8325 

8331 

8338 

69 

8388 

8395 

840! 

70 

8451 

8457 

8463 

71 

8513 

8519 

8525 

72 

8573 

8579 

8585 

73 

8033 

8639 

8645 

74 

8692 

8098 

8704 

75 

[8751 

8756 

8762 

76 

8808 

88 I 4 ' 

8820 

77 

8865 

8871 

8876 

78 

!8921 

8927 

8932 

79 

8976 

8982 

8987 

80 

9031 

9036 

0042 

81 

9065 

9090 

9096 

82 

9136 

9143 

9149 

83 

9191 

9196 

9201 

84 

9243 

9248 

9253 

85 ' 

9294 

9299 

9304 

86 

9345 

9350 

9355 

87 

9395 

9400 

9405 

88 

9445 

0450 

9455 

80 

9494 

9499 

9504 

90 

9542 

9547 

9552 

91 

9S9C 

959^ 

9600 

02 

963£ 

9643 

9647 

93 

968: 

9C8C 

0694 

94 

9731 

973e 

i 9741 

95 

977 : 

9785 

t 9786 

01 

982;: 

^982: 

^9832 

•7 

9861 

^987: 

?0877 

98 

991 : 

199i: 

r992i 

09 

9951 

19961 

1 9965 


1 2 3 


4 5 6 


7 8 9 


7435^7443 
7513-7520 
7589[7597 
7664;7tt72 
7738 7745 


7810 7818 
7882 7880 
7052 7959 


802 1| 8028 

soso'lsooe 

8150!s1G2 
8222 8228 
8287 8203 
8351|M357 
8414 8420 


8531 

8591 

8651 

8710 

8768 

8825 
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